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                                                      ABSTRACT 
This paper investigates the performance of sin stocks compared to non-sin stocks and evaluates 
the impact of behavioral factors on stock performance. Furthermore, we analyze whether sin stocks 
moderate the impact of behavioral factors on stock returns. Behavioral factors investigated are 
proxied by the volatility index (VIX), Investopedia Anxiety Index (IAI), and the Fear and Greed 
Index (FG). Sin stocks used in this study are those of companies that deal in alcohol, tobacco, and 
gambling products. We use propensity score matching to control for differences in firm size, age, 
risk, and liquidity. Analysis of our matched sample, using data between 2011 to 2019, shows that 
the average return is higher for sin stocks compared to non-sin stocks. We also find that behavioral 
factors have a significant impact on stock returns. The VIX and IAI have a positive and significant 
contemporaneous impact on stock returns, while the impact of the FG index is negative and 
significant. Our results further show that SIN moderates the impact of the VIX, IAI and FG indices 
on excess returns. 
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CHAPTER 1. INTRODUCTION 
The impact of behavioral factors on the performance of sin stocks compared to non-sin 
stocks. 
The capital assets pricing model (CAPM) developed by William Sharpe (1964) and John Lintner 
(1965) is one of the cornerstones of financial asset pricing modeling. The CAPM is widely used 
in a variety of applications such as the valuation of a company’s shares, evaluation of financial 
performance, and the determination of a firm’s cost of capital. 
 However, the CAPM is subject to several criticisms including its unrealistic assumptions such as 
mean-variance optimization, the inability to measure the true theoretical market portfolio, and poor 
empirical support. As a result, other asset-pricing models such as the Fama and French (1993) 3-
factor model and Fama and French (2015) 5-factor model have been developed to help explain 
stock market returns. 
While these factor models may help explain stock returns in certain situations, pricing anomalies 
persist. The continued presence of these anomalies suggests that alternate approaches and 
additional factors should be investigated. One possible explanation for this phenomenon is the 
impact of behavioral factors on stock returns. Previous research has shown that investor sentiments 
affect the behavior of investors and consequently the performance of the stock market (Fisher and 
Statman, 2000; Baker and Wugler, 2007; Smales, 2017; Chiara and Ravazollo, 2019). These 
sentiments include fear, greed, anger, disgust, anxiety, and sadness, and can lead to the mispricing 





Why behavioral factors in asset pricing? 
 Participants in financial markets can be classified as informed traders or noise traders (Shefrin 
and Statman, 1994). Noise traders are individuals/investors who commit different cognitive errors 
in financial markets leading to market inefficiency (Shefrin and Statman, 1994). The existence of 
noise traders in the financial markets challenges the viability/functionality of the CAPM and the 
theory of market efficiency (Shefrin and Statman, 1994). Furthermore, Shefrin and Statman (1994) 
argue that the failure of the CAPM and the market efficiency theory to account for the activities 
of noise traders affect the predictive power of the CAPM and the feasibility of the market 
efficiency theory. Shefrin and Statman (1994) noted that the activities of noise traders weaken the 
relationship between market risk (beta) and security returns, although they create a positive 
conditional correlation between abnormal returns and market risk (beta). Similarly, it has been 
noted that asset prices do not always reflect their fundamental values due to behavioral factors 
caused by unsophisticated investors whose trades are largely driven by sentiment, and any attempt 
to correct such mispricing comes with the risk of potential losses (De Bondt, Muradoglu, Shefrin 
and Staikouras, 2008).  Asset prices are also affected by several unpredictable and non-linear 
factors faced by the average investor such as the complexity of investment decisions, availability, 
and presentation of information, time constraints, environmental factors/context of the investment 
decision, emotion of the investor, the behavior of other investors and the reversibility of the 
decision (Olsen,1998). These factors combine to make the average investor move towards more 
subjectivity and stereotyping in making investment decisions, thus deviating from the expectations 
of standard finance theory (Olsen, 1998).  
Also, the nature of sin stocks makes them susceptible to the impact of behavioral factors. People 
who patronize or avoid sin stocks may do so based on their psychological convictions, which 
include personal ethics or religious concerns. Hence behavioral factors may play an important role 






Summary of Research 
The purpose of this study is to investigate the impact of behavioral factors, measured by the VIX, 
IAI, and FG index, on stock returns, and how sin stocks react to behavioral factors compared to 
non-sin stocks. Sin stocks are stocks that promote vice and are harmful to the individual and 
society. They include shares of companies that deal in alcohol, tobacco, and gambling (Hong and 
Kacperczyk, 2009). Several other categories of stocks such as adult entertainment, 
military/firearms, defense, biotech, cement, oil, and miscellaneous can be considered “sinful” and 
have been used in previous sin stock research (Shank, Manullang and Hill, 2005; Fabozzi and 
Oliphant, 2008; Lobe and Walkshäusl, 2016). These categories are controversial, and we avoid 
this grey area in favor of the more readily accepted trio of sin stocks defined by alcohol, gambling, 
and tobacco. 
The first behavioral factor we use in our study is the VIX. The VIX was developed by the Chicago 
Board Options Exchange (CBOE) and is widely used as a measure of market sentiment. The VIX 
is found to be negatively correlated with the S&P 500 index returns (Fernandes, Medeiros and 
Scharth, 2014). When the level of the VIX is rising, it indicates that investors are buying more put 
options, in expectation of a drop in the S&P 500 returns, thus indicating an increasing level of 
investors’ fear due to higher perceived risk (Whaley, 2000).  Smales (2017) argued that the VIX 
is a superior proxy to measure investor sentiment due to its strong ability to predict future stock 
returns across firm size, value, and industry, compared to other measures of sentiment which 
includes the American Association of Individual Investors’ (AAII) sentiment measure based on 
response to surveys. Sarwar (2012) found that the VIX can be used to measure investor sentiment 
of fear, for equity markets in the US, Brazil, India, and China. The other behavioral factors 
analyzed in our study are anxiety and greed, which are proxied by the Investopedia Anxiety Index 
(IAI) and the Cable News Network (CNN) fear and greed index (FG) respectively. The IAI 
measures sentiments based on the searches conducted by over twenty million monthly 
Investopedia1 users. The FG index also measures sentiments based on the weighted average of 
seven market indicators, which includes the VIX. 
 
1Investopedia is a financial website that provides information about financial product reviews, investment 
dictionaries, news, and articles about sundry investment issues. 
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We had earlier noted that behavioral factors affect stock prices based on certain anomalies that 
persist in the financial markets and not explained by the standard finance theory and asset pricing 
models. Investors often act in ways that are deemed to be irrational, thus causing distortions in 
asset prices, that can potentially lead to heavy financial losses. A recent example of how investors’ 
behavior led to heavy financial losses is the story of Gamestop shares that inexplicably rose by 
more than 1900% from $17.25 in the first week of January 2021 to $347.51 after about three 
weeks, not based on the company’s fundamentals, but due to collusion and herding behavior by 
some retail investors, thereby making investors with substantial short positions in the shares suffer 
heavy financial losses (Matt, 2021).  
 But do these behavioral factors have a similar impact on sin stocks and non-sin stocks? Are sin 
stocks less prone to the impact of behavioral factors? We contribute to the existing literature by 
being the first to investigate how the IAI and FG index affect stock returns. We are also the first 
to investigate how behavioral factors, particularly the VIX, IAI, and FG index, affect sin stocks 
compared to non-sin stock returns. To the best of our knowledge, no prior study has examined the 
impact of these behavioral factors on sin and non-sin stock returns. Liston and Gutierrez (2018) 
examined the impact of sentiments on sin stock returns. However, the sentiments used in their 
study were taken from surveys and analysis of newsletters and these surveys were highly 
subjective and prone to errors. The behavioral factors used in our study are more objective and 
broadly based and more likely to better capture how the prevailing sentiment in the market, 
measured by the behavioral factors, affects the returns of sin stocks, compared to non-sin stocks. 
Furthermore, our data is more recent, and our study approach is unique and more sophisticated, as 
we use propensity score matching to control for differences in firm size, age, risk, and liquidity, in 
the context of a behavioral asset pricing model. 
Using monthly data from the US stock market (NYSE, AMEX, and NASDAQ) collected from 
The Center for Research in Security Prices (CRSP) database from January 2011 to December 2019, 
we find that sin stocks have higher returns compared to non-sin stocks. We also find that the VIX 
and the IAI have a positive and significant impact on stock returns, while the impact of the FG 
index on stock returns is negative and significant. Furthermore, we learn that SIN moderates the 
impact of the VIX, IAI and FG indices on excess returns.  
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The remainder of this study is arranged as follows: Chapter two (2) discusses the past literature on 
sin stocks and sentiment studies as well as the development of our research hypotheses. In chapter 
three (3), we discuss our data. Chapter four (4) highlights our research methodology. Our findings 
are presented in chapter five (5), while robustness checks are done in chapter six (6). We present 




CHAPTER 2. LITERATURE REVIEW 
"…No matter the performance of the economy, people                
still fight, drink, smoke, and gamble.” 
         -Daniel Ahrens (2004) 
The classification of stocks as sin or non-sin depends on individual judgment and societal 
perception. Sin stocks are generally viewed as stocks that are associated with societal vices and 
detrimental to the overall wellbeing of the individual or the environment. However, what is 
considered “sin” in one country, can be perceived as “non-sin" in another country. For example, 
while countries like France utilize nuclear energy as a major source of electricity, Germany plans 
to gradually phase out the use of its nuclear energy due to the high perceived risk and danger to 
the environment (Jahn and Korolczuk, 2012). 
Salaber (2007) views sin stocks as stocks of companies involved in alcohol, gambling, and 
tobacco. Fabozzi and Oliphant (2008) expanded the earlier definition of sin stocks to include stocks 
of companies engaged in adult entertainment, biotech, and weapons industry. For this study, we 
will focus on shares of companies in the traditional sin sectors of alcohol, tobacco, and gambling 
and exclude the stocks in the grey areas such as nuclear, biotech, military, firearms, and adult 
entertainment. 
Over the years, sin stocks have had the reputation of being recession-proof because they enjoy 
strong patronage despite the performance of the economy. For example, studies have shown that 
the rate of alcoholism increases during periods of high unemployment and economic downturn, as 
people resort to drinking and other addictive behaviors, to find succor during times of depression 
(Szalavitz, 2011). Similarly, Ahrens (2004) argued the performance of the stock market is 
irrelevant to people engaging in activities that are considered sinful such as drinking, smoking, 
gambling, and fighting.  
 Earlier studies have shown that sin stocks performed better than stocks of firms in comparable 
industries (Chong, Her, and Phillips, 2006; Fabozzi and Oliphant, 2008; Hong and Kacperczyk, 
2009). Shunning companies considered to be involved in sin (alcohol, tobacco, gambling, and 
firearms) causes a disadvantage that offsets any benefit associated with socially responsible 
investing (Statman and Glushkov, 2008). Conformity with societal standards comes with an 
7 
 
additional cost, which is not incurred by sin companies (Fabozzi and Oliphant, 2008). Thus, sin 
stocks are undervalued and earn monopoly profits due to entry barriers and regulations which do 
not affect the pricing of their products (Fabozzi and Oliphant, 2008).  
In contrast, some researchers found that sin stocks do not outperform or underperform non-sin 
stocks or investments in socially responsible companies (Lobe and Walkshäusl, 2016). Sin stocks 
tend to be value stocks, benefit from a momentum strategy, and have less risk compared to the 
market portfolio (Lobe and Walkshäusl, 2016). Shank, Manullang, and Hill (2005) did not find 
any evidence to support the assertion that sin stocks outperform non-sin stocks in the short and 
long run. Also, Blitz and Fabozzi (2017) argue that there is no premium linked with investment in 
sin stocks since their returns are fully explained by the Fama and French (2015) 5-factor model. 
Certain factors also exist that affect the operations of sin companies that are not faced by their non-
sin counterparts, which indirectly have an impact on their level of risk and returns. Sin companies 
face higher religious, taxation, and litigation risk, and therefore strive to generate higher returns to 
compensate investors for exposure to a higher level of risk (Salaber, 2007). For example, sin 
companies face higher taxation in form of excise duties to raise revenue (due to inherent inelastic 
demand for sin stocks) and discourage consumption of sin products, while religious risk emanates 
from the avoidance of sin stocks by people from certain religious sects based on their convictions 
(Salaber, 2007). Sin companies also face higher litigation costs and risks compared to non-sin 
companies due to the hazardous nature of the products which leads to several litigations such as 
class action, personal injury, and health care cost recovery (Salaber, 2007). Sin companies have 
better financial reporting quality compared to non-sin firms, in a bid to attract high-quality 
investors in the face of investors’ neglect due to a negative societal perception (Kim and 
Venkatachalam, 2011). Table 2.1 summarizes previous sin stock research. 
Some of the previous literature, as summarized above, finds that sin stocks are resilient and 
outperform non-sin stocks. However, previous studies have not considered the performance of sin 
stocks, compared to non-sin stocks, in the context of behavioral factors that measure investor 
sentiments.  Studies have shown that investor sentiment affects stock returns (Neal and Wheatley, 
1998; Fisher and Statman, 2000; Brown and Cliff, 2005; Baker and Wugler, 2006; Schmeling, 2009; 
Stambaugh, Yu and Yuan, 2012; Smales, 2017; Chiara and Ravazollo, 2019). Such sentiments 
include fear, greed, anger, disgust, anxiety, and sadness. Each of these sentiments triggers certain 
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reactions in individuals that affect their decision-making ability, including financial decisions. 
Studies have shown that angry people tend to be more optimistic in their assessment of situations 
and have more feelings of certainty and control (Lerner and Keltner 2001, Gambetti and Giusberti, 
2012). Similarly, happiness makes people more optimistic (Lerner and Keltner, 2001). In contrast, 
fearful people are more pessimistic and have less feeling of certainty and control (Lerner and 
Keltner, 2001). Sadness makes people less patient and triggers the need for immediate rewards, 
thus they tend to have shorter investment horizons with potentially negative consequences (Lerner, 
Li and Weber, 2013). Disgust causes more risk aversion in individuals irrespective of age or gender 
(Karg, Wiener, and Schnall, 2019). However, Lerner, Li and Weber (2013)  did not find any 
significant association between disgust and financial risk-taking. Greedy people are more 
ambitious, and have less self-control (Seuntjens, Zeelenberg, Van de Ven and Breugelmans, 2015), 
tend to be positively disposed towards financial risk-taking (Seuntjens et al., 2015; Mussel et al., 
2015) and seem not to learn from experience (Mussel et al., 2015). On the other hand, anxiety 
causes people to be more risk-averse and conservative towards investments (Gambetti and 
Giusberti, 2012;  Peng et al., 2014).  
The above literature indicates that behavioral factors such as fear, greed, and anxiety affect stock 
returns. But how do these factors affect sin stocks compared to non-sin stocks?  Liston (2016) 
found that investor sentiments have a positive impact on sin stocks returns. Similarly, Liston and 
Gutierrez (2018) find that sin sock returns were less responsive to the influence of investors' 
sentiments compared to the S&P 500 and other comparable stocks and can provide a hedge in 
times of pervasive level of pessimism or optimism in the stock market. However, the studies by 
Liston (2016) and Liston and Gutierrez (2018) use the response to investor surveys and analysis 
of newsletters as a measure of investor sentiment for individual and institutional investors 
respectively. These investor surveys and newsletters are less objective and prone to herding 
behavior among investment analysts who write these newsletters (Graham, 1999). Thus, results 
derived from these surveys and newsletters are less reliable as they may not be a true reflection of 
the pervasive sentiment in the market.  
We contribute to existing literature, by being the first to investigate how behavioral factors 
measured by the VIX, IAI, and FG index affect sin stocks compared to non-sin stocks. We are also 
the first to investigate how the IAI and FG indices affect stock returns. The behavioral factors used 
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in this study are more objective and broadly based and therefore more reliable in measuring 
investor sentiments. For example, the VIX is seen as a superior proxy to measure investor 
sentiment due to its high ability to predict firm returns across firm size, value, and industry 




Table 2.1 Summary of sin stocks literature review: 
SN Research        Sin type Sample period Findings Highlights 







 2000-2003  Investing in socially responsible 
firms led to better returns compared 
to the market portfolio in the long 
run (above 5 years). 
 No evidence of the 
superior performance of 
sin stocks compared to 
non-sin stocks. 
Socially responsible 
investing paid off in the 
long run. 




 Gambling and lotteries 
 2002-2005 
 
 Vice funds outperformed both the 
market index and the social equity 
fund. 
 Vice funds had higher 
returns. 
 Vice funds have a high 
conditional correlation 
with the market index. 
 Vice funds have low 
portfolio diversification 
benefits. 
3. Salaber (2007)  Tobacco 
 alcohol 
Gaming 
 1975-2006  Legal and cultural characteristics 
affect sin stock returns 
 High litigation risk 
comes with a higher 
premium for sin stocks. 
 Sin stocks in Protestant 
countries have higher 
returns compared to 
Catholic countries. 
 Sin stocks earn higher 
returns in countries with 
high taxation on sin 
stocks. 





 Adult services 
 1970-2007  Sin stocks outperformed non-sin 
stocks 
 Conformity with 
societal standards 
comes with a cost. 
 Government regulation 
does not extend to the 
product pricing of sin 
companies. 
 Sin companies earn 
monopoly profits due to 
high entry barriers. 
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 1992-2007  The benefits of socially responsible 
investing are offset by forgone 
opportunities in sin stocks that 
might be “best in class” 
 Socially responsible 
investing is profitable. 
 Ignoring stocks due to 
non-economic reasons 
has a disadvantage. 
 The disadvantage of 
ignoring stocks offsets 
any advantage from 
socially responsible 
investing. 
 The choice of stocks 
should be based on 
economic reasons. 
6 Hong and Kacperczyk (2009)  Alcohol 




 Sin stocks outperformed non-sin 
stocks 
 Sin stocks get less 
coverage by analysts 
compared to non-sin 
stocks.  
 Institutional investors 
avoid sin stocks 
 Societal norms affect 
stock returns. 
7 Kim and Venkatachalam (2011)  Gaming 
 Tobacco 
 Alcohol 
 Adult entertainment 
 1988-2006 
 
 Sin companies have a better quality 
of financial reporting compared to 
non-sin companies. 
 High quality of 
financial reporting by 
sin companies. 
 Conformity to societal 
norms comes at a cost. 
 Investors avoid sin 
stocks for nonfinancial 
reasons and pay the 
price terms of lower 
returns and/or forfeited 
earnings. 






 Investor sentiments affect sin stock 
returns. 
Sentiment is measured as the 
difference between the bullish and 
bearish investors for both 
individual and institutional 
investors. 
 Individual sentiment is 
measured by response to 
American Association of 
Individual Investors (AAII) 
 Investor sentiments 
help in explaining sin 
stock returns. 
 Abnormal returns 
disappear when investor 
sentiment is included in 
the regression equation. 
Investor sentiments 
affect the conditional 
volatility of sin stocks. 
12 
 
survey, categorized as bullish, 
bearish, and neutral. 
 Institutional investor sentiment 
is based on Investors 
Intelligence (II) survey of 
investment advisory 
newsletters and classifies such 
sentiments as bullish, bearish, 
and correction (hold) 
 
9 Lobe and Walkshäusl (2016)  Adult entertainment 
 Alcohol 
 Gambling 






 Sin stocks do not outperform or 
underperform non-sin stocks. 
 Sin stocks have a high 
tendency of being value 
stocks. 
 Sin stocks benefit from 
momentum strategy. 
 Less risk compared to 
the market index 




 July 1963-Dec 2016 
 Jan 1973-Dec 2016 
 July 1990-Dec 206 
 
 Fama and French (2015) factors of 
liquidity and investment (in 
addition to size, value, and 
momentum) fully explain sin stock 
returns. 
 No abnormal returns for 
sin stocks if Fama and 
French (2015) factors of 
liquidity and investment 
are considered. 
Excluding sin stocks 
from the portfolio leads 
to loss of the related 
premium. 
11 Liston and Gutierrez (2018)  Alcohol 
 Tobacco 
 Gaming 
 1988-2009  Sin stocks are less responsive to the 
impact of investor sentiments. 
Sentiment is measured as the 
difference between the bullish and 
bearish investors for both 
individual and institutional 
investors (Same measure of 
investor sentiment as used in 
Liston, 2016). 
 
 Investor sentiment has a 
positive impact on sin 
stock returns. 
 Sin stocks are less 
responsive to the impact 
of investor sentiments 
compared to non-sin 
stocks. 
 Sin stocks can act as a 
hedge in times of high 
market volatility. 





Fabozzi and Oliphant (2008) argued that sin stocks performed better than non-sin stocks because 
sin companies earn monopoly profits due to high regulation and entry barriers that do not extend 
to the pricing of their products. This view is consistent with that of Hong and Kacperczyk (2009) 
who also found that sin stocks generate higher returns as compensation for higher perceived risk. 
They noted that sin stocks were avoided by institutional investors and get less coverage from 
analysts. However, Shank, Manullang, and Hill (2005) did not find any evidence in support of the 
assertion that sin stocks outperformed non-sin stocks. This view is also maintained by Lobe and 
Walkshäusl (2016) who found that sin stocks do not outperform or underperform non-sin stocks. 
They noted that sin stocks tend to be value stocks, benefit from a momentum strategy and have a 
risk level that is lower than the market risk. Based on these diverse opinions, we form our first 
hypothesis: 
 H1: There is no difference in the average stock returns of sin and non-sin stocks 
Traditional finance adherents believe that the financial markets are efficient, and do not see a role 
for behavioral factors. Traditional finance assumes that investors will always act rationally, thus 
downplaying the impact of human emotions in the financial markets. However, behavioral finance 
advocates believe that investors' sentiments such as fear, greed, and anxiety affect stock returns 
thereby creating inefficiencies in the financial market. Shiller (1998) noted that the behavior of the 
average investor departs from the expectation of traditional finance theory, which can be deemed 
“irrational”. He argued that the psychology of the average investor should be taken into 
consideration when developing financial models, as human beings do not always act as expected 
because of several behavioral factors. Similarly, Shefrin and Statman (1994) noted that participants 
in the financial markets can be classified as informed traders or noise traders. Noise traders commit 
cognitive errors which challenge the market efficiency theory. This view is supported by Olsen 
(1998) who argues that average investors deviate from the expectations of standard finance theory, 
due to the impact of certain behavioral factors. Olsen (1998) noted that factors such as investor 
emotions, time constraints, and complexity of investment decisions make investors be more 
subjective and influenced by stereotypes when making decisions. Also, Summa (2004) noted 
investors are influenced by the herd mentality, which distorts asset prices, and price reversals occur 
only after the price distortion caused by investors’ sentiment reaches its climax. A similar view is 
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shared by Landberg (2013) who emphasized that psychological factors influenced decision making 
by investors such as the fear-induced panic selling of stocks during financial downturns, often 
caused by the herding behavior of investors.  
Previous studies have shown that investor sentiments affect stock returns (Neal and Wheatley, 
1998; Fisher and Statman, 2000; Brown and Cliff, 2005; Baker and Wugler, 2006; Schmeling, 2009; 
Stambaugh, Yu and Yuan, 2012; Smales, 2017; Chiara and Ravazollo, 2019). Furthermore, Baker 
and Wurgler (2007) believe that human emotions do not affect the prices of all stocks in the same 
way. Baker and Wurgler (2007) argue that stocks of unprofitable, non-dividend paying, highly 
volatile, younger, and generally stocks of firms in financial distress are more susceptible to the 
influence of investors sentiments, compared to stocks of more stable firms. The underlying 
argument in most of these sentiment studies is that behavioral factors may have a significant role 
to play in the determination of stock returns. This is because these sentiments trigger some 
behavior in investors which affects their decision-making ability, with the attendant repercussions 
on the financial market. To validate or repudiate this assertion, we formulate our second 
hypothesis, based on the behavioral factors used in our study: 
           H2a: The VIX has no impact on stock returns 
           H2b: The IAI has no impact on stock returns 
           H2c: The FG index has no impact on stock returns 
Over the years, companies in sin industries such as alcohol, tobacco, and gambling, have built a 
reputation of being more resilient and unaffected by the state of the economy. As noted by Fabozzi 
and Oliphant (2008) sin companies earn monopoly profits, due to severe monitoring and 
restrictions of their operations, which ironically do not extend to the pricing of their products. Also, 
people who patronize products of sin companies, especially alcohol, tobacco, and gambling, do so 
out of addictive behavior, despite heavy taxes on such products which are ultimately passed onto 
them as the consumers. Thus, sin companies face minimal competition and have a relatively 
constant demand for their products due to their addictive properties. Using responses to investor 
surveys as a proxy to measure sentiment, Liston and Gutierrez (2018) found that sin stocks are less 
responsive to the impact of investors' sentiments compared to non-sin stocks and can be used as a 
hedge in times of high market volatility. However, the measure of sentiment used in the study by 
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Liston and Gutierrez (2018) is prone to subjectivity and has a narrow focus. The behavioral factors 
used in our study are more objective and have a larger scope. If sin stocks are truly resilient as they 
are reputed to be, we expect sin stocks to modify the impact of these behavioral factors on stock 
returns.  Based on the foregoing argument, we propose our third set of hypotheses: 
  H3a:  SIN moderates the impact of the VIX. 
  H3b: SIN moderates the impact of the IAI. 





CHAPTER 3. DATA      
3.1 Measurement and data sources: 
This study is based on data drawn from publicly traded US stocks for 2011 to 2019 (9 years). 
Monthly data for company returns were obtained from the Center for Research in Security Prices 
(CRSP). The US monthly treasury bill rate is used as the risk-free rate. Excess returns data (Exrtn) 
was calculated by deducting the risk-free rate from the monthly returns data. To limit the influence 
of outliers on the excess monthly returns data (Exrtn), we winsorize at the 5th and 95th percentile 
thresholds.  Data analysis is based on the excess monthly company returns, Fama and French 
(2015) 5-factors, VIX, IAI, and FG. Data for the Fama and French (2015) 5-factors is from 
Kenneth French’s website (https://mba.tuck.dartmouth.edu). Fama and French (1993) identified 3 
factors that affect the returns of stock which include the overall stock market returns, the size of 
the firm, and the book-to-market value of equity ratio (BE/ME). These factors can help in the 
explanation of stock returns. However, Fama and French (2015) noted that two additional factors 
of profitability and investment, when added to the initial 3 factors provide a better explanation of 
stock returns. Furthermore, Fama and French (2015) noted that the addition of the profitability and 
investment factors to the 3-factor model, made the value factor (HML) to be redundant in the 
explanation of average stock returns. Table 3.1 provides a summary description of the Fama and 
French (2015) 5 factors.
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Table 3.1. Summary of Fama and French (2015) 5-factors: 
S/N Factor Description Main 
factor 
                                       Remarks Expected 
sign 
1 Mkt-Rf Excess market returns Market Relates to the overall return of the value-weighted market index minus the risk-free rate. The risk-free rate 
is the US monthly treasury bills rate. 
 
     + 
2 SMB Small minus big Size Represents the difference between a well-diversified portfolio of small-size firms and a well-diversified 
portfolio of big-size firms. 
 
       + 
3 HML High minus low Value Represents the difference between a well-diversified portfolio of high book-to-market ratio and a well-
diversified portfolio of low book-to-market ratio firms. 
 
       + 
4 CMA Conservative minus 
aggressive 
Investment Represents the difference between a well-diversified portfolio of firms with a low level of investment and a 
well-diversified portfolio of firms with a high level of investment. 
 
        + 
5 RMW Robust minus weak profitability Represents the difference between a well-diversified portfolio of firms with robust profitability and a well-
diversified portfolio of firms with a weak level of profitability. 
 
         + 
      
Information source: Fama and French (2015) 
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The first behavioral factor used in our study is the volatility index (VIX). The VIX was proposed 
by the Chicago Board Options Exchange (CBOE) in 1993 and is calculated from the weighted 
index of the implied volatility of index options. Calculation of the VIX is based on the expected 
volatility of the S&P 500 within the next 30 days. When the expected volatility of the market is 
high, this leads to the rise in the price of call and put options on the S&P 500 index, which in turn 
raises the price of the VIX. Conversely, during times of relative market stability, the price of call 
and put options are low which also leads to a low price/level of the VIX. Thus, the VIX is known 
as the "fear" gauge, which rises during periods of expected turbulence in the US stock market and 
falls during periods of expected relative market stability.  
The second behavioral factor examined in our study is the Investopedia anxiety index (IAI). The 
IAI measures investor sentiments based on the search interest of millions of Investopedia readers 
on several topics which are categorized into macroeconomic, negative market sentiment, and 
debt/credit (Silver, 2021). Macroeconomic factors relate to searches on issues that concern 
inflation or deflation, while negative market sentiment includes topics such as market volatility 
and short selling. Debt/credit relates to issues such as bankruptcy, solvency, and the probability of 
default (Silver, 2021). The IAI is based on the online searches (or topic of interest) of over twenty 
million monthly Investopedia users, and patterns are deciphered based on the topics with the 
highest interest. Periods of a great spike in the index corresponds with major news events that have 
economic consequences such as the liquidation of Lehman Brothers, and the debt crises that 
affected Greece (Silver, 2021). The IAI has a similar trend pattern when plotted with the volatility 
index and can act as a leading indicator and an early warning signal of imminent economic crises 
compared to the VIX (Silver, 2021). A reading of 100 for the IAI is considered neutral, while a 
reading below 100 and above 100 are considered low and high levels of anxiety respectively. 
The third behavioral factor we use in our study is the Fear and Greed Index (FG). The FG index 
was developed by CNN as a measure of investor sentiment based on seven (7) indicators in the US 
stock market, which include stock price momentum, stock price strength, stock price breadth, put 
and call options, junk bond demand, market volatility, and safe-haven demand (Liberto, 2021). 
The indicators are equally weighted to arrive at a value between 0 to 100. A reading of 50 is seen 
as neutral, while a reading below 50 is seen as a prevalence of fear in the market. A reading above 
50 is an indication of widespread greed in the market (Liberto, 2021).  
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Data for the three behavioral indices, VIX, IAI, and FG, will be compared for the common period 
of 2011-2019. Data for the VIX was downloaded from Yahoo Finance, while the 2015-2019 data 
for the IAI was downloaded from the Investopedia website. The earlier IAI data was digitized 
based on graphs presented for the 2008 to 2014 portion of the sample period. The same procedure 
was used to download and digitize data for the CNN fear and greed index obtained from CNN’s 
website. 
3.2 Sin stock sample: 
Following Hong and Kacperczyk (2009) and Liston (2016), sin stocks are defined as shares of 
companies involved in alcohol, tobacco, and gambling with a share code of 10 or 11. To ensure 
that our non-sin stock category (control group) does not contain any "grey area" stocks that are 
contentious, stocks of companies that deal in adult entertainment, military/firearms, and biotech 
industries are excluded from our sample.  
Companies involved in the production of alcohol have SIC codes of 2080 to 2085. Tobacco 
companies have a SIC code of 2100-2199. The NAIC classification code is used to isolate 
gambling firms due to the overlaps in this sector with the hotels and hospital industry. Following 
Liston (2016), the gambling industry is identified by NAIC codes of 7132, 71,312, 713,210, 
713,290, 72,112, and 721,120. 
Table 3.2 provides a summary of the sin stock categories used in this study with their respective 
SIC/NAIC codes.  
Table 3.2. Summary of sin stocks categorization. 
SN Sin stock category SIC/NAIC code 
1 Alcohol Sic code 2080 -2085 
2 Tobacco Sic code 2100-2199 
3 Gambling NAIC codes 7132, 71,312, 713,210, 




Table 3.3 provides a breakdown of demographic details for each category of sin stocks. There are 
a total of 477 firm-years for sin stocks comprising of 176 firm-years for alcohol, 41 firm-years for 
tobacco, and 260 firm-years for gambling stocks. 
Table 3.3. Sin stocks demographics 
 Number of firm years Number of firms in 
each year  
(range) 
Number of years 
 Traditional Sin   
Alcohol   100 10-12 9 
Tobacco 20 2-3 9 
Gambling    145 15-17 9 
    





CHAPTER 4. METHODOLOGY 
We conduct our investigation using three approaches. First, we conduct a univariate analysis to 
examine the pairwise correlation between each of the behavioral factors and excess returns. 
Secondly, we conduct multivariate regression analysis on the unmatched sample of sin stocks 
and non-sin stocks. The regression is based on the Fama and French (2015) 5-factor model, with 
each of the behavioral factors also added to the regression equation. We run the following 
general regression models for each of the behavioral factors: 





   𝑬𝒙𝒓𝒕𝒏𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏𝑴𝒌𝒕𝒓𝒇𝒕 + 𝜷𝟐𝑯𝑴𝑳𝒕 + 𝜷𝟑𝑺𝑴𝑩𝒕 + 𝜷𝟒𝑹𝑴𝑾𝒕 + 𝜷𝟓𝑪𝑴𝑨𝒕 + 𝜷𝟔𝑩𝒇𝒌𝒕 + 𝜷𝟕𝑺𝑰𝑵𝒊𝒕 + 𝜷𝟖(𝑺𝑰𝑵𝒊𝒕 × 𝑩𝒇𝒌𝒕 ) +
                       Ɣ𝒕  (𝑫𝒕) +  𝒆𝒊𝒕
𝒏 𝟖
𝒕 𝟏
                                                                                                                                                        (4.2)                                     
Exrtn is the monthly firm returns minus the risk-free rate. The risk-free rate is the monthly US 
treasury bills rate. Mkt_rf represents the excess market returns (value-weighted market returns 
minus the monthly US treasury bills rate); HML (High minus low) represents the value factor; 
SMB (small minus big) represents the size factor; RMW (Robust minus weak) represents the 
profitability factor and CMA (conservative minus aggressive) represents the investment factor.  
Bfk = behavioral factors for k = 1, 2, or 3. Bf1 = VIX; Bf2 = IAI; Bf3 = FG index.  SIN is a dummy 
variable for sin stocks that takes on a value of 1 for sin stocks and 0 for non-sin stocks. SINBfkt = 
𝑆𝐼𝑁 × 𝐵𝑓  ,  is the interaction term between each behavioral factor and sin stocks.  Dt represents 
the time (year) dummy variables from 2012 to 2019. The time dummy variable for the year 2011 
is omitted to prevent multicollinearity issues. 
Finally, we use propensity score matching (PSM) to ensure that a better comparison can be made 
between sin stocks and non-sin stocks after eliminating or minimizing certain key differences 
between the stocks. The propensity score matching is described in more detail below. Multivariate 
analysis on the matched sample will allow a closer examination of the impact of the behavioral 





4.1 Propensity Score Matching: 
In non-randomized experiments, direct comparisons might not be ideal due to several innate 
differences between treated and control groups (Rosenbaum and Rubin, 1983). Rosenbaum and 
Rubin (1983) proposed propensity score matching so that comparisons made between the 
treatment group and the control group can be more meaningful. In a propensity score matching 
system, balancing scores are used to classify the treated and the control group. Comparisons are 
then made between observations that are matched according to their propensity scores. The 
balancing score is based on the observed covariates of the treated and control groups. The 
balancing score is calculated so that the conditional distribution of x (the control variables) is the 
same between the treated (z=1) and control groups (z=0) given the balancing scores. Rosenbaum 
and Rubin (1983) noted that the variance of the estimate of the average treatment effect will be 
lower in matched samples compared to random samples. The elimination of differences through 
matching allows us to make meaningful comparisons between the treatment and control groups. 
There are two methods of selecting matches between subjects in the treatment and the control 
group based on the calculated propensity score, i.e., matching with replacement and matching 
without replacement (Rosenbaum, 2002). In matching without replacement, each selected treated 
subject can be matched with only one subject in the control group. However, in the matching with 
replacement method, subjects in the treatment group can have more than one match with subjects 
in the untreated group.  Methods of conducting the propensity score matching include the greedy 
(nearest neighbor method) and the optimal matching method (Rosenbaum, 2002; Austin, 2011a). 
In the greedy matching method, treated subjects are randomly selected and matched with the 
subject in the untreated group with the closest propensity score. This process is repeated until all 
subjects in the untreated group are matched with the subjects in the treatment group (Austin, 
2011a). In the optimal matching method, matching is based on the pairs that will minimize the 
difference in propensity scores between the treatment and control subjects (Austin, 2011a). A 
variation to the nearest neighbor method is the nearest neighbor within a specified caliper distance 
method (Rosenbaum and Rubin, 1985). This method specifies a common caliper (range of standard 
deviation) within which the propensity score of an untreated subject will lie before it can be 
matched with a treatment subject. Untreated subjects within the specified range of standard 
deviation are first chosen, and the subject with the propensity score closest to a treatment subject 
is matched with the treatment subject. Treatment subjects with no matches based on the specified 
23 
 
standard deviation are excluded from the subsequent matched sample (Austin, 2011a). With the 
caliper matching method, a wide range of maximum caliper widths has often been used. However, 
Austin (2011b) suggests that a caliper width of 0.2 standard deviation of the propensity score 
between the treatment and control subject is ideal, as the mean square error is minimized for the 
estimated treatment effect. 
Propensity score matching procedure: 
We match sin (treatment) and non-sin (control) stocks based on firm characteristics that are 
commonly associated with firm returns: age, size, liquidity, and risk. Baker and Wurgler (2007) 
found that the impact of sentiments on stock returns is influenced by factors such as the firm’s age, 
volatility (risk), and liquidity status. Controlling for these factors will enable us to properly 
investigate the role of sin versus non-sin firms on stock performance because differences in size, 
age, liquidity, and risk (beta) have been controlled. The data is matched based on the annual 
frequency of the variables. The computation of the values for our matching variables is defined in 
table 4.1. 
4.1. Variables definition for propensity score matching 
SN Variable           Definition 
1 Liquidity The annual value of common shares traded in a fiscal year, divided by common shares 
outstanding at the end of the preceding year. i.e., Annual value of common shares 
traded in year t /common shares outstanding in year t-1 
i.e., Annual value of traded common shares t 
           common shares outstanding t-1 
 
As measured by Lang and Scholz (2015). 
2 Size (Market value) Common shares outstanding at the end of the preceding year multiplied by the share 
price at the end of the current year. i.e Common share outstanding in year t-1 multiplied 
by price in year t. 
Size = Common Shares t-1 × Share price t. 
As measured by Li and Zhao (2006). 
 
3 Age Year count based on the first year of data availability on Compustat. (NB: earliest data 
availability year is 1950, hence the age of some companies that existed before then may 
be underestimated) 
4 Risk (Beta) This is measured using the beta of each firm relative to the return on the market index. 
Beta is calculated on a 5-year rolling basis, with a minimum window of 36 months. 






CHAPTER 5: EMPIRICAL RESULTS 
In this chapter, we review the summary statistics of our data and examine the relationship between 
the variables. We also run our regression using different asset pricing models and discuss our 
results. First, we examine the descriptive statistics of our data using table 5.1. 
5.1 Descriptive statistics 
Table 5.1 provides summary statistics for the unmatched monthly data for excess firm returns, the 
Fama and French (2015) 5-factors, VIX, FG, and IAI. The mean excess return is 0.41% while the 
minimum and maximum returns are -17.13% and 17.7% respectively. The returns are statistically 
significant at a 1% level of significance. The average VIX for our sample period is 16.42. The VIX 
reached a maximum of 42.96 in September 2011 in reaction to Morgan and Stanley’s prediction 
of a looming economic recession in the US and Europe due to poor economic policies, and the 
downgrading of US credit rating by Standard and Poor (Pepitone, 2011). The mean value of the 
IAI is 101, which is slightly above the neutral level of 100. The IAI reached a maximum level of 
118.05 in January 2016, which indicates a high level of anxiety following the fall of crude oil 
prices in early 2016. About 55.26% of the data for the IAI in our sample is above the neutral level 
of 100, indicating the dominance of a high level of anxiety in our sample collection for the IAI. 
The average value of the FG index is 50, which is also considered to be neutral, while the maximum 
value of 93.97 for the FG was recorded in February 2013, which indicates a prevailing level of 
greed in the market due to high demand for stocks by investors early in the year and following a 
higher-than-expected performance by certain stocks (Farrell, 2013). The lowest value of 6.92 for 
the FG index was recorded in March 2018, which indicates an extreme level of fear, following the 
US trade war with China in early 2018. An examination of our sample also shows that about 
53.78% of our data for the FG index is above the neutral level of 50, showing the dominance of 






Table 5.1. Summary statistics for the monthly unmatched sample  
Variable N Mean Min Max Std dev. 
Exrtn 226,239 0.40534*** -17.13 17.7 9.49834 
Mkt_rf 230,448 0.96125*** -9.52 11.56 3.51389 
SMB 230,448 -0.22285*** -4.88 5.29 1.98058 
HML 230,448 -0.30695*** -5.77 6.78 2.25385 
RMW 230,448 0.19365*** -3.61 3.02 1.38295 
CMA 230,448 -0.04190*** -3.48 3.29 1.43614 
VIX 230,448 16.41711*** 9.51 42.96 5.00635 
IAI 230,448 101.2733*** 95.28 118.05 4.45282 
FG 230,448 50.18067*** 6.921 93.9655 21.5371 
Table 5.1: Summary statistics for monthly unmatched data for all firms 
Date range: 2011 to 2019 
Data source: Monthly returns: CRSP; Fama and French (2015) 5 factors and risk-free rate: Kenneth French website 
 (https://mba.tuck.dartmouth.edu); VIX: yahoo finance; IAI: https://www.investopedia.com/anxiety-index
 explained/ FG Index: https://money.cnn.com/data/fear-and-greed/ 
Data frequency: Monthly 
Exrtn = Excess monthly stock returns (winsorized at 5% and 95%), Mkt_rf= excess market return; SMB= small 
minus big; HML=high minus low; RMW=robust minus weak; CMA=conservative minus aggressive; VIX=volatility 
index; IAI = Investopedia Anxiety Index; FG = Fear and Greed Index. 
***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. 
*Indicates significance at a 10% level of significance. 
 
5.2 Correlation matrix of contemporaneous variables 
 Before proceeding with the regression analysis, we examine the relationship between the variables 
in our regression equation. This will allow us to note any pairwise correlations between sin stocks 
and fear, and non-sin stocks and fear, and determine if there are any collinearity issues among the 










Table 5.2. Correlation matrix of regression variables using unmatched sample 
**indicates significance at a 5% level of significance. 
Based on univariate analysis, the VIX, IAI, and FG index have a significantly negative relationship 
with excess returns, but the correlations are all below -0.18. The highest significant correlation 
among the behavioral factors is between the VIX and the IAI (0.53).  Although the VIX and the 
FG index are significantly negatively correlated (-0.27), and the IAI is significantly negatively 
correlated with the FG (0.31), these correlations are not economically significant. There is a 
significant level of correlation between the HML and CMA (0.74) as well as between SMB and 
RMW (-0.55) which are both statistically significant at a 5% level of significance. 
5.3 Regression Analysis using unmatched sample: 
Univariate analysis shows a significant negative relationship between excess stock returns and the 
VIX, IAI, and FG index respectively. We turn to multiple regression analysis to determine the 
nature of this relationship when we distinguish sin versus non-sin stocks and control for other 
factors. This investigation uses the Fama and French 5-factor (FF5) asset pricing model with the 
separate addition of the VIX, IAI, or FG index, a dummy variable for sin stocks (SIN), and year 
dummy variables. We also introduce the interaction terms between the VIX and sin stocks 
(SINVIX), IAI and sin stocks (SINIAI) as well as between the FG index and sin stocks (SINFG), 
to allow SIN to moderate the relationship between each of these behavioral factors and sin stocks. 
Tables 5.3, 5.4, and 5.5 show our regression results based on the analysis of the VIX, IAI, and FG 
index respectively using White’s robust standard errors, unless otherwise noted.
Variable (1) (2) (3) (4) (5) (6) (7) (8) 
 
(9) 
(1) Exrtn   1         
(2) Mkt_rf  0.3606** 1        
(3) SMB     0.2632** 0.4056** 1       
(4) HML              0.0033 -0.0443** 0.1439** 1      
(5) CMA   -0.0430** -0.1561** 0.0227** 0.7444** 1     
(6) RMW  -0.1713** -0.3130** -0.5455** -0.2260** -0.0066** 1    
(7) VIX  
 
-0.1775** -0.4983** -0.1462**    0.1249** 0.2023** 0.1676** 1   
(8) IAI   -0.0933** -0.2212** -0.1846** 0.0669** 0.0954** 0.2266** 0.5313** 1  
 (9) FG    
  
-0.0079** -0.0070** -0.0751** -0.0547** -0.0373** -0.1015** -0.2673** -0.3087** 1 
27 
 
Table 5.3. Regression analysis on the unmatched sample (VIX) 
Date range: January 2011 to December 2019.  
Data frequency: monthly 
Regression equations: 
 𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓  + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + Ɣ (𝐷 )
 
 
+ 𝑒                                                                                  (Eqn. 1)                                                                                                                           
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑉𝐼𝑋 + Ɣ (𝐷 )
 
 
+ 𝑒                                                                   (Eqn. 2)   
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                                                  (Eqn. 3)  
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑉𝐼𝑋 + 𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                                 (Eqn. 4)                 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑉𝐼𝑋 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑆𝐼𝑁𝑉𝐼𝑋 + Ɣ (𝐷 ) + 𝑒                                (Eqn. 5)                                                                                                                    
Independent 
Variables 
Coefficient                                         
 









      
Coefficient                                                                                     
                                                                                 
(FF5 + VIX+ Year 
dummies) 
       
 
  
Equation (2)    
Std error Coefficient                                                                             
                                                                                 





Equation (3)    
Std error Coefficient
 
(FF5 + SIN + VIX  
+  Year    
dummies) 
 
     
      Equation (4) 
Std error   Coefficient                                         
                   
(FF5 + SIN + VIX 
+ SINVIX  








    
         
_Cons -0.73537*** 0.05674 -1.15113*** 0.15021 -0.74398*** 0.05678 -1.15986*** 0.15022 -1.16289*** 0.15040 
Mkt_rf 0.80945*** 0.00611 0.82062*** 0.00716 0.80945*** 0.00611 0.82062*** 0.00716 0.82062*** 0.00716 
SMB 0.68322*** 0.01205 0.68189*** 0.01206 0.68320*** 0.01205 0.68187*** 0.01206 0.68187*** 0.01206 
HML -0.04302*** 0.01325 -0.04617*** 0.01329 -0.04304*** 0.01325 -0.04619*** 0.01329 -0.04619*** 0.01329 
CMA 0.04912** 0.02069 0.04987** 0.02069 0.04917** 0.02069 0.04992** 0.02069 0.04992** 0.02069 
RMW 0.02133 0.01789 0.02224 0.01789 0.02131 0.01789 0.02222       0.01789      0.02222       0.01789 
VIX   0.01749*** 0.00585   0.01750*** 0.00585 0.01768*** 0.00587 
SIN     0.58217*** 0.14884 0.58227*** 0.14884 0.78285 0.51297 
SINVIX         -0.01229 0.03007 
Year dummy 
variables? 
        Yes        Yes        Yes          Yes          Yes  





             F = 7.74 
 
Prob. > F = 
0.0004 
Adjusted R2 0.1471***  0.1472*** 0.1472***  0.1472*** 0.1472*** 
Number of 
obs. 
     226,239     226,239    226,239       226,239      226,239 
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Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment), VIX= volatility index; SIN=dummy variable for sin stocks; SINVIX = interaction term (SIN multiplied by the 
VIX); Dt = year dummy variables from 2012 to 2019.  
***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. * Indicates significance at a 10% level of significance.
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Equation (1) establishes a baseline asset pricing model, using the Fama and French (2015) 5-factor 
model.  Our results show that the Mkt_rf, SMB, and CMA factors are positive and significant. The 
HML factor is negative and significant at 1%, while the RMW factor is not significant.  
We introduce the VIX to our asset pricing model in equation (2). The result shows that the VIX 
has a positive (0.02) and significant (at 1%) contemporaneous impact on excess returns. Our 
control variables maintain the same signs as the previous result in equation (1). 
In equation (3), we include a dummy variable for sin stocks in our baseline asset pricing equation. 
The results show a significant (at 1%) positive relationship between sin stocks and excess returns. 
The average abnormal return for sin stocks is higher than that of non-sin stocks by 0.58, after 
controlling for the Fama and French (2015) 5-factors.  
Equation (4) shows the result of the combination of the VIX and sin dummy variable in our 
baseline asset pricing equation. The regression results show that the VIX has a significant (at 1%) 
positive (0.02) impact on excess returns, while the excess abnormal return for sin stocks is 
significantly (at 1%) higher than that of non-sin stocks by 0.58.  Furthermore, there is no change 
in the signs and significance level of our control variables. 
Equation (5) includes the VIX, SIN, and an interaction term SINVIX, which modifies the 
relationship between the VIX and sin stocks. Our regression results show that the VIX has a 
significant (at 1%) positive impact on excess returns for non-sin stocks. Our control variables 
maintain the same sign and level of significance as in the previous regression results. By 
construction, SINVIX is highly correlated (0.96) with SIN, which is confirmed by the high 
variance inflation factor (VIF) between SIN and SINVIX, in our regression results. A joint test of 
the significance of the coefficients for SIN and SINVIX shows that they are significantly different 
from zero, at a 1% level of significance. Our results show that SIN has a significant impact on 
either the intercept (average stock returns) or the interaction term (SINVIX), or simultaneously 
modifies both variables. We had also noted a high level of correlation between the HML and CMA 
factor in our univariate analysis, which we will investigate in the robustness section. 
An overall test of our regression models in equations 1-5 shows that the models are appropriate. 
However, the inclusion of additional variables did not significantly improve the explanatory power 
of our models, based on the adjusted R-squared in equations 2-5. 
Table 5.4. shows the regression results of our analysis using the IAI.
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Table 5.4. Regression analysis on the unmatched sample (IAI) 
 
Date range: January 2011 to December 2019.  
Data frequency: monthly 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                                               (Eqn. 6)                 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐼𝐴𝐼 + Ɣ (𝐷 )
 
 
+ 𝑒                                                               (Eqn. 7)                 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝐼𝐴𝐼 + 𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                               (Eqn. 8)    
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐼𝐴𝐼 +𝛽 𝑆𝐼𝑁 + 𝛽 𝑆𝐼𝑁𝐼𝐴𝐼 + Ɣ (𝐷 )
 
 
+ 𝑒                           (Eqn.9)                             
 Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment); IAI= Investopedia Anxiety index; SIN=dummy variable for sin stocks; SINIAI = interaction term (SIN 
multiplied by the IAI); Dt = year dummy variables from 2012 to 2019.  
***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. *Indicates significance at a 10% level of significance 
Independent 
Variables 
Coefficient                                                                                     
                                                                                 
(FF5 + SIN + Year 
dummies) 
       
 
  
       Equation (6)    
    Std error Coefficient                                                                                     
                                                                                 
(FF5 + IAI + Year 
dummies) 
       
 
  
Equation (7)    
   Std error   Coefficient 
 
(FF5 + SIN + IAI 
+  Year    dummies) 
 
     
       
Equation (8) 
Std error   Coefficient                                         
                   
(FF5 + SIN + IAI + SINIAI  
+  Year dummies) 
 
 
   





         
_Cons -0.74398*** 0.05678 -3.49787*** 0.52954 -3.50792*** 0.52953 -3.50695*** 0.53211 
Mkt_rf 0.80945*** 0.00611 0.81115*** 0.00611 0.81115*** 0.00611 0.81115*** 0.00611 
SMB 0.68320*** 0.01205 0.69025*** 0.01212 0.69023*** 0.01212 0.69023*** 0.01212 
HML -0.04304*** 0.01325 -0.04730*** 0.01327 -0.04732*** 0.01327 -0.04732*** 0.01327 
CMA 0.04917** 0.02069 0.04921** 0.02069 0.04925** 0.02069 0.04925** 0.02069 
RMW 0.02131 0.01789 0.00985 0.01802 0.00982       0.01802      0.00982       0.01802 
IAI   0.02650*** 0.00505 0.02652*** 0.00505 0.02651*** 0.00508 
SIN 0.58217*** 0.14884   0.58271*** 0.14883 0.51945 3.4250 
SINIAI       0.00063 0.03381 
Year dummy 
variables? 
     Yes        Yes        Yes          Yes  
F test result on 
SIN, SINIAI 
coefficients = 0 
           F = 7.66 Prob. > F = 0.0005 
Adjusted R2 0.1472***  0.1472*** 0.1472*** 0.1473*** 
Number of obs.      226,239      226,239      226,239      226,239 
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Regression results from equations 6-9 show a high level of similarity between the IAI and the VIX 
and their impact on returns. Equation (6) shows that average returns for sin stocks are higher than 
that of non-sin stocks by 0.58, while IAI has a significant positive (0.03) impact on excess returns, 
based on the result in equation (7). The relationship between sin stocks and excess returns and the 
IAI and excess returns from the results of equations (6) and (7) respectively, is sustained in 
equation (8). Equation (9) has the IAI, SIN, and SINIAI variables in our asset pricing equation. 
The result shows that there is a significant (at 1%) positive relationship between the IAI and excess 
returns for non-sin stocks. By construction, there is a high level of correlation (0.99) between the 
SIN and SINIAI variables, which is reflected in the high variance inflation factor between the 
variables. A joint test of the significance of the coefficients of both variables shows that they are 
significantly (at 1%) different from zero. Thus, SIN modifies excess returns or the impact of the 
IAI on excess returns or both. Our control variables have the same sign and significance level in 
all the equations involving the IAI (equations 6-9). As noted in the regression results of the VIX, 
the high level of correlation between the HML and CMA factors will be investigated further in the 
robustness section. 






Table 5.5. Regression analysis on the unmatched sample (FG index) 
 
 
Date range: January 2011 to December 2019. 
 Data frequency: monthly 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                                                (Eqn. 10)                 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐹𝐺 + Ɣ (𝐷 )
 
 
+ 𝑒                                                                   (Eqn. 11)                 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝐹𝐺 + 𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                                  (Eqn. 12)    
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐹𝐺 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑆𝐼𝑁𝐹𝐺 + Ɣ (𝐷 )
 
 
+ 𝑒                           (Eqn. 13)                             
 Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment); FG= Fear and Greed Index; SIN=dummy variable for sin stocks; SINFG = interaction term (SIN multiplied by 
the FG); Dt = year dummy variables from 2012 to 2019.  
***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. *Indicates significance at a 10% level of significance.
Independent 
Variables 
Coefficient                                                                                     
                                                                                 
(FF5 + SIN + Year 
dummies) 
       
 
  
Equation (10)    
Std error Coefficient                                                                                    
                                                                                 
(FF5 + FG + Year 
dummies) 
       
 
  
Equation (11)    
Std error   Coefficient
 
(FF5 + SIN + FG 
+  Year    dummies) 
 
     
       
Equation (12) 
         Std error   Coefficient                                         
                   
(FF5 + SIN + FG + SINFG 
+  Year dummies) 
 
       
 
    Equation (13) 
Std error 
 
    
         
_Cons -0.74398*** 0.05678 -0.67193*** 0.07038 -0.68047*** 0.07041 -0.67534*** 0.07062 
Mkt_rf 0.80945*** 0.00611 0.80850*** 0.00614 0.80850*** 0.00614 0.80850*** 0.00614 
SMB 0.68320*** 0.01205 0.67937*** 0.01231 0.67934*** 0.01231 0.67934*** 0.01231 
HML -0.04304*** 0.01325 -0.04565*** 0.01336 -0.04567*** 0.01336 -0.04568*** 0.01336 
CMA 0.04917** 0.02069 0.04971** 0.02069 0.04976** 0.02069 0.04977** 0.02069 
RMW 0.02131 0.01789 0.01492 0.01837 0.01490       0.01837       0.01487       0.01837 
FG   -0.00148 0.00097 -0.00148 0.00097 -0.00158 0.00097 
SIN 0.58217*** 0.14884   0.58227*** 0.14884 0.25132 0.37831 
SINFG       0.00657 0.00691 
Year dummy 
variables? 
     Yes        Yes          Yes          Yes  
F test result on 
SIN, SINFG 
Coefficients = 0 
          F = 8.10 Prob. > F = 0.0003 
Adjusted R2 0.1472***  0.1471*** 0.1472*** 0.1472*** 
Number of obs.      226,239      226,239      226,239      226,239 
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Regression results for equation (10) show that the average return for sin stocks is significantly 
higher than that of non-sin stocks by 0.58, at a 1% level of significance. The impact of the FG 
index on excess returns is not significant, based on the results of equation (11), which is the same 
in the regression results of equation (12). Like the regression equations of our other behavioral 
factors, the SIN and SINFG variables are highly correlated (0.92), by construction. A joint test of 
the significance of the regression coefficient for both variables shows that they are jointly 
significant, at a 1% level of significance. This shows that SIN either modifies excess returns or the 
impact of the FG on excess returns, or both, for our unmatched sample. The Fama and French 
(2015) 5-factors also maintain the same sign and level of significance as in the regression results 
of the VIX and IAI.  
5.4. Discussion of regression results of the VIX, IAI, and FG index using our unmatched 
sample: 
Our results using our unmatched sample show the average abnormal return for sin stocks is higher 
than that of non-sin stocks, holding other factors constant. Our finding is consistent with that of 
Salaber (2007), Hong and Kacperczyk (2009), and Fabozzi and Oliphant (2008). Therefore, we 
reject our first hypothesis which states that average returns are the same for sin and non-sin stocks. 
This shows that there is an advantage to investing in sin relative to non-sin stocks in our unmatched 
sample. For example, Salaber (2007) argued that investors earn a risk premium for exposure to 
higher risk, such as higher litigation risk, due to investment in sin companies.  
Our results also show that the VIX and the IAI have a positive and significant contemporaneous 
relationship with excess stock returns, indicating that fear and anxiety play a role in explaining 
excess stock returns. Thus, we reject hypotheses H2a and H2b which states that the VIX and the 
IAI respectively, have no impact on stock returns. This result is consistent with previous literature 
that found that sentiments affect stock returns (Neal and Wheatley, 1998; Fisher and Statman, 
2000; Brown and Cliff, 2005; Baker and Wugler, 2006; Schmeling, 2009; Stambaugh, Yu and Yuan, 
2012; Smales, 2017; Chiara and Ravazollo, 2019). However, our results show that the FG index 
does not have an impact on stock returns, which is different from the results of the VIX and IAI. 
Thus, we fail to reject hypothesis H2c.  
Including a behavioral factor and its interaction with the SIN dummy variable illustrates that SIN 
modifies either excess returns or the impact of the behavioral factors on excess returns, or both. 
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However, we will investigate this further using separate data for sin and non-sin stocks based on 
our matched sample. 
5.5. Propensity Score Matching: 
As noted earlier, to enhance the comparison between sin and non-sin firms, we employ the PSM 
procedure developed by Rosenbaum and Rubin (1983). Propensity score matching helps eliminate 
differences between the treatment (sin stocks) and the control group (non-sin stocks) on some key 
attributes so that comparison between the firms can focus on one factor. The firms will be matched 
based on size, liquidity, age, and risk (beta). Some of these variables are only available on an 
annual basis, so the propensity score matching will be done using annual data for each of the 
matching variables.  The propensity score matching is done using the “greedy method “with a 
common caliper of 0.20 standard deviations. Sin stocks belong to the “treated” group, while non-
sin stocks belong to the “untreated” group. 
Table 5.6 shows the comparison of the mean between the treatment and the control group for the 
matching factors, before and after the propensity score matching: 
 
Table 5.6. Comparison of mean of the control variables between the unmatched and 
matched samples. 






















































Results from table 5.6 indicate that before matching, the difference between the treated (sin stocks) 
and control (non-sin stocks) for each of the variables is significantly different from zero. After the 
propensity score matching process, the differences are no longer significant.  
Using the matched sample, we can conduct our investigation knowing that the matched sample of 
sin and non-sin firms are similar in age, risk, size, and liquidity, and thus these factors will not 
account for differences in the financial performance of the sin and non-sin samples.  
 
5.6. Descriptive statistics of matched sample: 
Table 5.7. provides summary statistics for the matched monthly data for the excess firm returns, 
the Fama and French (2015) 5-factors, and the volatility index (VIX). The mean excess return is 
0.79% with a minimum value of -13.04% and a maximum of 14.91% for our sample period. The 
summary statistics for the VIX, IAI, and FG index are like those in our unmatched sample. 
Table 5.7. Summary statistics for matched sample  
Variable N Mean Min Max Std dev. 
Exrtn 37808 0.79164*** -13.04 14.91 7.95454 
Mkt_RF 38082 0.96936*** -9.52 11.56 3.49785 
SMB 38082 -0.21653*** -4.88 5.29 1.97774 
HML 38082 -0.29499*** -5.77 6.78 2.24086 
RMW 38082 0.18814*** -3.61 3.02 1.38539 
CMA 38082 -0.03582*** -3.48 3.29 1.43211 
VIX 38082 16.42479*** 9.51 42.96 5.00256 
IAI 38082 101.2621*** 95.28 118.05 4.45419 
FG 38082 50.28157*** 6.921 93.9655 21.54026 
 
Date range: January 2011 to December 2019 
Data source: Monthly returns: CRSP; Fama and French (2015) 5 factors and risk-free rate: Kenneth French website 
(https://mba.tuck.dartmouth.edu); VIX: yahoo finance; IAI: https://www.investopedia.com/anxiety-index-explained/ 
FG Index: https://money.cnn.com/data/fear-and-greed/ 
Data frequency: monthly 
Exrtn = Excess monthly stock returns (winsorized at 5% and 95%), Mkt_RF= excess market return, SMB= small 




***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. 
*Indicates significance at a 10% level of significance. 
 
We also examine the correlation coefficients between the variables used in the analysis of our 
matched sample. This will enable us to determine if there is any multicollinearity among our 
regression variables.  
Table 5.8. shows the correlation between our control variables using our matched sample 
 
Table 5.8. Correlation matrix of regression variables using matched sample  
**significant at 5% level of significance 
 
Univariate analysis of our matched data indicates that there is a negative and significant correlation 
between the VIX and excess returns. Similarly, there is a significant negative correlation between 
the IAI and excess returns, as well as a significant negative relationship between the FG index and 
excess returns. The magnitude and significance is similar between the matched and unmatched 
sample. The correlations between each pair of behavioral factors and between the Fama and French 
(2015) factors are maintained in both our matched and unmatched sample because they are not 
firm specific. 
5.7. Regression analysis on matched sample using the VIX, IAI, and FG Index 
We had earlier noted a significant negative relationship between excess returns and the VIX, 
excess returns and the IAI, as well as a significant negative relationship between excess returns 
and the FG index based on the results of the univariate analysis of our matched sample. We further 
Variable              (1) (2) (3) (4) (5) (6) (7) (8) (9) 
(1)  Exrtn 1         
(2)  Mkt_rf 0.3950** 1        
(3) SMB 0.2705** 0.4036** 1       
(4) HML          0.0046 -0.0418** 0.1436** 1      
(5) CMA -0.0362** -0.1522** 0.0213** 0.7407** 1     
(6) RMW -0.1699**   -0.3156**     -0.5474** -0.2275** -0.0037 1    
(7) VIX 
 
-0.1888** -0.4968**    -0.1445**  0.1231** 0.2004** 0.1686** 1   
(8) IAI         -0.0952** -0.2223**    -0.1835**  0.0648** 0.0964** 0.2276** 0.5321** 1  
(9) FG 
 
        -0.0226**   -0.0092     -0.0754** -0.0479** -0.0322** -0.1020** -0.2630** -0.3060** 1 
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investigate this relationship using multivariate analysis to see if these relationships are sustained 
when we control for other factors. We use the Fama and French (2015) 5-factor asset pricing model 
and introduce a dummy variable for sin stocks (SIN) and year dummy variables (D2012-D2019). 
The VIX, IAI, and FG index are also included in the asset pricing equations. An interaction term 
between the VIX and sin stocks (SINVIX), IAI and sin stocks (SINIAI), and the FG index and sin 
stocks (SINFG) are also introduced to the respective asset pricing equations to aid in our 
investigation of the monthly data. 
Tables 5.9, 5.10, and 5.11 show the regression results for our matched sample for the VIX, IAI 
and FG index respectively.
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Table 5.9. Regression analysis on the matched sample (VIX) 
Date range: January 2011 to December 2019.  
Data frequency: Monthly. 
Regression equations: 
 𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓  + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + Ɣ (𝐷 )
 
 
+ 𝑒                                                                                     (Eqn. 1)                                                                                                                           
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑉𝐼𝑋 + Ɣ (𝐷 )
 
 
+ 𝑒                                                                     (Eqn. 2)   
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                                                    (Eqn. 3)  
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑉𝐼𝑋 + 𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                                   (Eqn. 4)                 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑉𝐼𝑋 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑆𝐼𝑁𝑉𝐼𝑋 + Ɣ (𝐷 )
 
 
+ 𝑒                                 (Eqn. 5)                                                                                                                    
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment), VIX= volatility index; SIN=dummy variable for sin stocks; SINVIX = interaction term (SIN multiplied by the 
VIX); Dt = year dummy variables from 2012 to 2019.  
***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. * Indicates significance at a 10% level of significance.
Independent 
Variables 
Coefficient                                         
 






  Std error
 
 
      
Coefficient                                                                                     
                                                                                 
(FF5 + VIX+ Year 
dummies) 
       
 
  
Equation (2)    
Std error
      
Coefficient                                                                                     
                                                                                 





Equation (3)    
Std error Coefficient
(FF5 + SIN + VIX  
+  Year    
dummies) 
 
     
      Equation (4) 
Std error   Coefficient                                         
                   
(FF5 + SIN + VIX + 








    
         
_Cons -0.25214** 0.11449 -1.02555*** 0.30356 -0.27181** 0.11503 -1.04521*** 0.30376 -1.06464*** 0.30607 
Mkt_rf 0.77668*** 0.01236 0.79745*** 0.01449 0.77668*** 0.01236 0.79745*** 0.01449 0.79743*** 0.01449 
SMB 0.56721*** 0.02438 0.56475*** 0.02439 0.56719*** 0.02437 0.56473*** 0.02439 0.56473*** 0.02439 
HML -0.07047** 0.02677 -0.07616*** 0.02685 -0.07048** 0.02677 -0.07618*** 0.02685 -0.07617*** 0.02685 
CMA 0.16145*** 0.04167 1.62603*** 0.04167 0.16150*** 0.04167 0.16265*** 0.04167 0.16265*** 0.04167 
RMW 0.08371** 0.03616 0.08561** 0.03616 0.08371** 0.03616 0.08561**        0.03616       0.08559**        0.03616 
VIX   0.03250*** 0.01181   0.03250*** 0.01181 0.03368*** 0.01203 
SIN     0.22940* 0.13010 0.22939* 0.13009 0.45113 0.44784 
SINVIX         -0.01356 0.02621 
Year dummy 
variables? 
        Yes       Yes        Yes        Yes        Yes  
F test result on 
SIN, SINVIX 
coefficients = 0 
              F = 1.69 Prob. > F = 0.1848 
Adjusted R2 0.1715***  0.1716*** 0.1715***  0.1717*** 0.1717*** 
Number of 
obs. 
      37,808       37,808       37,808         37,808      37,808 
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Analysis of the results of equation (1), which establishes the baseline asset pricing model using 
our matched sample, shows that the intercept term is negative and significant at 5%. The Fama 
and French (2015) Mkt_rf, SMB, and CMA are positive and significant at 1%, while the RMW 
factor is significant at 5%. The HML factor is negative and significant at 1%. 
The introduction of the VIX in equation (2) shows that the VIX has a positive (0.03) and significant 
(at 1%) contemporaneous relationship with excess returns for our matched sample. The Fama and 
French (2015) factors maintain the same sign and significance level as the result in equation (1). 
Hence, only the HML factor coefficient deviates from the expected positive sign. 
In equation (3), we introduce a dummy variable for sin stocks into our asset pricing equation. Our 
results show that the average abnormal return for sin stocks is significantly higher (at 1%) than 
that of non-sin stocks by 0.23, holding other factors constant. The impact of the SIN categorization 
is less for our matched sample because the propensity score matching controlled for differences in 
firms’ size, age, risk, and liquidity, which influenced the outcome of our earlier results using the 
unmatched sample. Therefore, the VIX and the PSM absorbed some of the differences between 
sin and non-sin stocks, enabling a better assessment of the role of SIN on average returns. Each of 
our Fama and French (2015) factors maintain the same coefficient sign and significance level, as 
in equations (1) and (2). 
Equation (4) combines the VIX, and sin stocks dummy variable in our asset pricing equation, 
without an interaction term between the variables. The impact of the VIX on excess returns is still 
positive (0.03) and significant at 1%, while the average abnormal return for sin stocks is also higher 
than that of non-sin stocks by 0.23. There is no change in the coefficient signs and significance 
level of our control variables. 
Equation (5) includes the VIX, SIN, and an interaction term SINVIX, in our asset pricing equation. 
The results show that the VIX has a significant (at 1%) positive impact (0.03) on excess returns 
for non-sin stocks. The SIN and SINVIX variables are highly correlated (0.95) by construction, 
hence they both have a very high variance inflation factor, which makes the standard error of their 
respective regression coefficients unreliable. However, a joint test of the significance of both 
variables shows that they are not significant. Our control variables maintain the same sign and 
level of significance. We also noticed a high level of correlation between the HML and CMA 
factor in our univariate analysis, which we will further investigate in the robustness section.  
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Comparison of the adjusted R-squared in the regression results of our matched sample in equations 
1-5 shows that they are slightly higher than the adjusted R-squared in the regression results of our 
unmatched sample. The coefficient on SIN dummy variable for the matched sample (0.45) is less 
than that of our unmatched sample (0.78), suggesting that the matching controls and the VIX 
subsumed some of the explanatory power of the SIN categorization. The impact of the VIX on 
excess returns is marginally higher for our matched sample (0.03) compared to our unmatched 
sample (0.02). 
Table 5.10. shows the regression results of our analysis using the IAI.
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Table 5.10. Regression analysis on the matched sample (IAI) 
 
Date range: January 2011 to December 2019. 
Data frequency: Monthly 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                                               (Eqn. 6)                 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐼𝐴𝐼 + Ɣ (𝐷 )
 
 
+ 𝑒                                                                 (Eqn. 7)                 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 + Ɣ (𝐷 )
 
 
+ 𝑒                                                 (Eqn. 8)    
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 + 𝛽 𝑆𝐼𝑁𝐼𝐴𝐼 + Ɣ (𝐷 )
 
 
+ 𝑒                          (Eqn. 9)                             
 Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment); IAI= Investopedia Anxiety index; SIN=dummy variable for sin stocks; SINIAI = interaction term (SIN 
multiplied by the IAI); Dt = year dummy variables from 2012 to 2019.  
***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. *Indicates significance at a 10% level of significance.
Independent 
Variables 
Coefficient                                                                                     
                                                                                 
(FF5 + SIN + Year 
dummies) 
       
 
  
  Equation (6)    
Std error Coefficient                                                                                     
                                                                                 
(FF5 + IAI + Year 
dummies) 
       
 
  
Equation (7)    
Std error Coefficient
 
(FF5 + SIN + IAI 
+  Year dummies) 
 
     
       
Equation (8) 
Std error   Coefficient                                         
                   
(FF5 + SIN + IAI + SINIAI  
+  Year dummies) 
 
 





         
_Cons -0.27181** 0.11503 -2.83556*** 1.07317 -2.85828*** 1.07322 -2.95573*** 1.10591 
Mkt_rf 0.77668*** 0.01236 0.77834*** 0.01238 0.77834*** 0.01238 0.77834*** 0.01238 
SMB 0.56719*** 0.02437 0.57382*** 0.02453 0.57380*** 0.02453 0.57380*** 0.02453 
HML -0.07048** 0.02677 -0.07419*** 0.02681 -0.07421*** 0.02681 -0.07421** 0.02681 
CMA 0.16150*** 0.04167 0.16111*** 0.04167 0.16115*** 0.04167 0.16115*** 0.04167 
RMW 0.08371** 0.03616 0.07330** 0.03641 0.07329**       0.03641       0.07327**       0.03641 
IAI   0.02478** 0.01023 0.02481** 0.01023 0.02577** 0.01057 
SIN 0.22940* 0.13010   0.22990* 0.13009 1.31533 2.97529 
SINIAI       -0.01072 0.02936 
Year dummy 
variables? 
      Yes        Yes        Yes          Yes  
F test result on 
SIN, SINIAI 
coefficients = 0 
      F = 1.63 Prob > F = 0.1963 
Adjusted R2 0.1715***  0.1716*** 0.1717*** 0.1716*** 
Number of obs.       37,808        37,808      37,808       37,808 
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Similar to the outcomes for our unmatched sample, regression results from equations 6-9 show a 
high level of similarity between the roles of the IAI and the VIX. Equation (6) shows that excess 
return for sin stocks is higher than that of non-sin stocks, by 0.23, at a 10% level of significance, 
while the regression results of equation (7) indicate that the IAI has a positive (0.02) and significant 
(at 5%) impact on excess returns, holding the Fama and French (2015) factors constant. The 
Mkt_rf, SMB, and CMA factors are positive and significant (at 1%), while the RMW factor is 
positive and significant (at 5%). The HML factor is negative and significant at 1%. The sin stock 
dummy variable is introduced in equation (8) together with the IAI. The result shows that the IAI 
still has the same positive and significant (at 5%) impact on excess returns. The average excess 
return for sin stocks is higher than that of non-sin stocks by 0.23, holding other factors constant. 
The Fama and French (2015) 5-factors maintain the sign and significance level, like the results in 
equation (7).  
Equation (9) has the IAI, SIN, and the interaction variable between the IAI and sin stocks, SINIAI, 
added to our asset pricing equation. Our analysis shows that there is a significant (at 5%) positive 
relationship between the IAI and excess returns for non-sin stocks. By construction, there is a high 
level of correlation (0.99) between the sin dummy variable (SIN) and the interaction term 
(SINIAI). A joint test of the significance of the coefficient of both variables shows that they are 
not significant. The Fama and French (2015) factors have the same sign and significance level as 
in the previous regression equations involving the IAI. The high correlation between the HML and 
CMA factors will be further investigated in the robustness section. 
 Like the regression results of the VIX, an examination of the adjusted R-squared in the regression 
results for the IAI using our matched sample shows that the adjusted R-squared is marginally 
higher than that of our unmatched sample regression results. Unlike the VIX scenario, the 
coefficient on the sin dummy variable increased from 0.52 in the unmatched sample to 1.32 in the 
matched sample, while the impact of the IAI (0.03) is the same in our matched and unmatched 
sample. 
Table 5.11. shows the regression results for our third behavioral factor: The FG index. 
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Table 5.11. Regression analysis on the matched sample (FG index) 
 
 
Date range: January 2011 to December 2019.  
Data frequency: Monthly 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                                               (Eqn. 10)      
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐹𝐺 + Ɣ (𝐷 )
 
 
+ 𝑒                                                                 (Eqn.  11)                            
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝐹𝐺 + 𝛽 𝑆𝐼𝑁 + Ɣ (𝐷 )
 
 
+ 𝑒                                                (Eqn.  12)    
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐹𝐺 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑆𝐼𝑁𝐹𝐺 + Ɣ (𝐷 )
 
 
+ 𝑒                          (Eqn.  13)                             
 Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment); FG= Fear and Greed Index; SIN=dummy variable for sin stocks; SINFG = interaction term (SIN multiplied by 
the FG); Dt = year dummy variables from 2012 to 2019.  
***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. *Indicates significance at a 10% level of significance 
Independent 
Variables 
Coefficient                                                                                     
                                                                                 
(FF5 + SIN + Year 
dummies) 
       
 
  
Equation (10)    
Std error Coefficient                                                                                     
                                                                                 
(FF5 + FG + Year 
dummies) 
       
 
  
Equation (11)    
Std error Coefficient
 
(FF5 + SIN + FG 
+  Year    dummies) 
 
     
      
 Equation (12) 
         Std error   Coefficient                                         
                   
(FF5 + SIN + FG + SINFG 
+  Year dummies) 
 
          
 
 Equation (13) 
Std error 
 
    
         
_Cons -0.27181** 0.11503 0.03653 0.14201 0.01688 0.14244 0.05881 0.14501 
Mkt_rf 0.77668*** 0.01236 0.77226*** 0.01243 0.77226*** 0.01243 0.77225*** 0.01243 
SMB 0.56719*** 0.02437 0.54955*** 0.02491 0.54952*** 0.02491 0.54954*** 0.02491 
HML -0.07048** 0.02677 -0.08190*** 0.02697 -0.08192*** 0.02697 -0.08189*** 0.02697 
CMA 0.16150*** 0.04167 0.16392*** 0.04167 0.16396*** 0.04167 0.16407*** 0.04167 
RMW 0.08371** 0.03616 0.05468 0.03713 0.05468       0.03713      0.05456       0.03713 
FG   -0.00671*** 0.00195 -0.00671*** 0.00195 -0.00755*** 0.00203 
SIN 0.22940* 0.13010   0.22950* 0.13008 -0.23921 0.33036 
SINFG       0.00931 0.00603 
Year dummy 
variables? 
     Yes        Yes          Yes          Yes  
F test result on 
SIN, SINFG 
Coefficients = 0 
      F = 2.75 Prob.  > F = 0.0641 
Adjusted R2 0.1715***  0.1717***    0.1718*** 0.1718*** 
Number of obs.     37,808       37,808      37,808       37,808 
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Analysis of the result for equation (10) shows that the average abnormal return for sin stocks is higher 
than that of non-sin stocks, while the regression results for equation (11) shows that the impact of the 
FG index on excess returns is negative (-0.0067) and significant (at 1%), holding the Fama and French 
(2015) factors constant. Our control variables are also significant and have the expected signs except 
for the HML factor, which is negative, and the RMW factor that is not significant. The introduction 
of the sin stock dummy variable in equation (12) shows that excess returns for sin stocks are higher 
than that of non-sin stocks by 0.23, at a 1% level of significance. The impact of the FG index on 
excess returns is still negative (-0.0067) and significant (at 1%), while the control variables maintain 
the same sign and significance level as in equation (11).  
Equation (13) includes the FG index, SIN, and an interaction term SINFG in our asset pricing 
equation. The results show that the impact of the FG index on excess returns for non-sin stocks is 
negative (-0.008) and significant (at 1%). The SIN and SINFG variables are highly correlated (0.91) 
by construction, leading to a high variance inflation factor among both variables.  A joint test of the 
significance of the regression coefficients of both variables shows that they are significant (at 10%).  
5.8 Regression analysis using separate data for Sin and Non-Sin Firms. 
In section 5.7 we noted a high level of correlation between the dummy variable for sin stocks (SIN) 
and each of the interaction terms of the behavioral factors SINVIX, SINIAI and SINFG, respectively. 
This caused multicollinearity issues in our regression results for the equations that involve the 
interaction terms, making the t values of the SIN and SINBfk coefficients unreliable. To thoroughly 
investigate if SIN moderates the impact of the behavioral factors on excess returns, we separately 
analyze the sin and non-sin firms in the matched sample. 





Table 5.12. Separate regression results for Sin and Non-Sin Firms using matched sample (VIX) 
Date range: January 2011 to December 2019.  
Data frequency: Monthly. 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑉𝐼𝑋 + Ɣ (𝐷 )
 
 
+ 𝑒        (Eqn. 14)     (SIN Stocks)                                                    
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝑉𝐼𝑋 + Ɣ (𝐷 )
 
 
+ 𝑒       (Eqn.  15)     (Non-Sin Stocks)                                                                          
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment), VIX= volatility index; Dt = year dummy variables from 2012 to 2019.  




                                     SIN STOCKS 
    
       
 
                         NON-SIN STOCKS 
  
    
 
       
Coefficient                                                                                     
                                                                                 
(FF5 + VIX + Year dummies) 
       
 
  
Equation (14)    
Std error Coefficient                                                                                     
                                                                                 
(FF5 + VIX + Year dummies) 
       
 
  
Equation (15)    
Std error 
     
_Cons -0.40774 1.00743 -1.08324*** 0.31215 
Mkt_rf 0.67543*** 0.05167 0.80929*** 0.01515 
SMB 0.27697*** 0.08219 0.59343*** 0.02583 
HML 0.23134*** 0.09197 -0.06062** 0.02826 
CMA 0.11829 0.14114 0.16715*** 0.04382 
RMW -0.00503 0.12491 0.09462** 0.03800 
VIX 0.00035 0.03972 0.03552*** 0.01185 
Year dummy variables?      Yes        Yes  
R-Squared 0.1324***  0.1775*** 
Number of obs.      3,404       34,404 
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Analysis of the regression results in equation (14) for sin stocks show that the VIX is not 
significant. The Fama and French (2015) Mkt_rf, SMB, and HML factors are positive and 
significant at 1%, while the CMA and RMW factors are not significant. 
The regression results in equation (15) for non-sin stocks show that the VIX is positive and 
significant at 1%. All the Fama and French (2015) factors are significant and have positive signs, 
except for the HML factor that has a negative sign. 
Separating the data for sin and non-sin stocks shows that SIN modifies the impact of the VIX on 
excess returns, based on the insignificance of the VIX in the regression equation involving only 
sin stocks, unlike in the regression equation for non-sin stocks where the VIX coefficient is positive 
and significant. Thus, we fail to reject hypothesis H3a, which states that SIN moderates the impact 
of the VIX.  
Table 5.13 shows the result of separate regressions for Sin and Non-Sin stocks for the IAI using 
the matched sample. 









Table 5.13. Separate regression results for Sin and Non-Sin Firms using matched sample (IAI) 
Date range: January 2011 to December 2019.  
Data frequency: Monthly. 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐼𝐴𝐼 + Ɣ (𝐷 )
 
 
+ 𝑒        (Eqn. 16)     (SIN Stocks)                                                    
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐼𝐴𝐼 + Ɣ (𝐷 )
 
 
+ 𝑒       (Eqn.  17)      (Non-Sin Stocks)                                                                          
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment), IAI= Investopedia Anxiety index; Dt = year dummy variables from 2012 to 2019.  




                                     SIN STOCKS 
    
       
 
                         NON-SIN STOCKS 
  
    
 
       
Coefficient                                                                                     
                                                                                 
(FF5 + IAI+ Year dummies) 
       
 
  
Equation (16)    
Std error Coefficient                                                                                     
                                                                                 
(FF5 + IAI+ Year dummies) 
       
 
  
Equation (17)    
Std error
     
_Cons 3.02536 3.54707 -3.41821*** 1.11820 
Mkt_rf 0.67315*** 0.04278 0.78863*** 0.01293 
SMB 0.26829*** 0.08282 0.60424*** 0.02599 
HML -0.22648** 0.09180 -0.05897** 0.02826 
CMA 0.11855 0.14101 0.16546*** 0.04381 
RMW 0.00852 0.12607 0.07969** 0.03816 
IAI -0.03284 0.03387 0.03050*** 0.01062 
Year dummy variables?      Yes        Yes  
R-Squared 0.1327***  0.1775*** 
Number of obs.      3,404       34,404 
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Similar to the results for the VIX, an examination of the estimation of equation (16) for sin stocks 
shows that the IAI is not significant. However, the results for equation (17) for non-sin stocks shows 
that the IAI is positive and significant at 1%. This implies that SIN moderates the impact of the IAI 
on excess returns. Thus, we also fail reject Hypothesis H3b: SIN moderates the impact of the IAI on 
excess returns. Table 5.14 shows the result of separate regressions for sin and non-sin stocks for the 













Table 5.14. Separate regression results for Sin and Non-Sin Firms using matched sample (FG) 
Date range: January 2011 to December 2019.  
Data frequency: Monthly. 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐹𝐺 + Ɣ (𝐷 )
 
 
+ 𝑒        (Eqn. 16)     (SIN Stocks)                                                    
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 +  𝛽 𝐹𝐺 + Ɣ (𝐷 )
 
 
+ 𝑒       (Eqn.  17)      (Non-Sin Stocks)                                                                         
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment), FG= Fear and Greed index; Dt = year dummy variables from 2012 to 2019.  




                                     SIN STOCKS 
    
       
 
                         NON-SIN STOCKS 
  
    
 
       
Coefficient                                                                                     
                                                                                 
(FF5 + FG+ Year dummies) 
       
 
  
Equation (18)    
Std error Coefficient                                                                                     
                                                                                 
(FF5 + FG+ Year dummies) 
       
 
  
Equation (19)    
Std error
     
_Cons -0.01595 0.47944 0.04265 0.14402 
Mkt_rf 0.66938*** 0.04278 0.78228*** 0.01294 
SMB 0.25339*** 0.08417 0.57895*** 0.02639 
HML -0.24687*** 0.09249 -0.06546** 0.02848 
CMA 0.12067 0.14126 0.16836*** 0.04386 
RMW -0.04251 0.12831 0.06423* 0.03883 
FG -0.00895 0.00651 -0.00652*** 0.00205 
Year dummy variables?      Yes        Yes  
R-Squared 0.1329***      0.1776***  
Number of obs.      3,404       34,404 
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Analysis of the results in equation (18) for sin stocks show that the FG index is not significant, 
while the regression results in equation (19) shows that the FG index has a negative and significant 
(at 1%) on excess returns. This shows that SIN modifies the impact of the FG index on excess 
returns. Thus, we also fail to reject hypothesis H3c and conclude that the data supports a moderator 
role for SIN on the impact of FG.  
5.9. Discussion of regression results for the VIX, IAI, and FG index using our matched 
sample.  
A common theme in the regression results of the VIX, IAI, and FG index using our matched sample 
is that the average abnormal return of sin stocks is higher than that of non-sin stocks. This indicates 
that there is an economic advantage associated with investing in sin stocks compared to non-sin 
stocks, consistent with the findings of and Salaber (2007), Fabozzi and Oliphant (2008), and Hong 
and Kacperczyk (2009) and our outcomes for the unmatched sample. 
Our results also show that the VIX and the IAI have a positive and significant relationship with 
excess stock returns, which is consistent with the results of our unmatched sample. Thus, an 
increase in the level of the VIX or the IAI causes an increase in stock returns as investors demand 
more compensation for a perceived higher level of risk during periods of great fear and anxiety in 
the market. On the other hand, the impact of the FG index on excess stock returns is negative and 
significant. An increase in the level of the FG index indicates a rising rate of greed in the stock 
market, as investors get more ambitious, lose self-control, and make reckless decisions (Seuntjens 
et al., 2015) leading to lower returns. Conversely, a fall in the FG index indicates a rise in the level 
of fear in the market, leading to increased circumspection by investors and calculated risk-taking, 
which is rewarded with higher returns. The result in our unmatched sample shows that the impact 
of the FG index is not significant. Thus, controlling for firm size, age, risk, and liquidity makes a 
difference on how the FG index affects excess returns. Overall, these results show that behavioral 
factors are important and can be useful in the explanation of stock returns. 
Analysis of the sin data from the matched sample shows that the impact the VIX, IAI and FG index 
on excess returns for sin stocks is not significant. However, regression results using the data for 
non-sin stocks indicates that the impact of the VIX, IAI and FG index on excess returns for non-
sin stocks is significant. This shows that SIN modifies how each of these behavioral factors affect 
excess returns. The nature of sin stocks makes them less susceptible to the influence of behavioral 
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factors compared to non-sin stocks. Sin companies have a relatively constant demand for their 
products, despite the performance of the economy and operate in monopoly like conditions, due 
to high barriers of entry caused by heightened government regulation.  
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5.10. Comparison of standardized regression coefficients of the VIX, IAI, and FG Index 
We have analyzed how the VIX, IAI, and FG index affects excess stock returns. To facilitate a 
comparison of the relative strengths of these three factors, we report the standardized regression 
coefficients in Table 5.15. 
Table 5.15. Standardized Regression coefficients. 
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Table 5.15. Regression analysis using standardized coefficients for the VIX, IAI and FG index  
 
Date range: January 2011 to December 2019.   
Data frequency: Monthly. 
Regression equation: 
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑉𝐼𝑋 + 𝛽 𝑆𝐼𝑁𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                           (Eqn. 18 )                                                                                                                            
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 + 𝛽 𝑆𝐼𝑁𝐼𝐴𝐼 +  Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                            (Eqn. 19)                                             
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐹𝐺 + 𝛽 𝑆𝐼𝑁𝐹𝐺 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                              (Eqn. 20)                                                                                  
Exrtn = Excess monthly stock returns; Mkt_rf = excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (book to market ratio); RMW = robust 
minus weak (profitability); CMA= conservative minus aggressive (profitability), VIX = Volatility index; IAI=Investopedia anxiety index; FG= fear and greed index; SIN=Dummy 
variable that takes on a value of 1 for sin stocks and 0 for non-sin stocks, SINVIX = interaction term (SIN multiplied by the VIX); SINIAI = interaction term (SIN 
multiplied by IAI); SINFG= interaction term (SIN multiplied by FG); Dt = year dummy variables from 2000 to 2019.  
 




(FF5 + SIN +VIX + SINVIX + 
Year dummies) 
Std error  Standardized coefficient 
(FF5 + SIN + IAI + SINIAI + 
Year dummies) 
Std error   Standardized coefficient 
(FF5 + SIN + IAI + SINIAI + 
Year dummies) 
Std error 
           Equation (1)    Equation (19)         Equation (20)  
_Cons       
Mkt_rf ***0.35077 0.01449 ***0.34238 0.01238 0.33970*** 0.01243 
SMB ***0.14041 0.02439 ***0.14267 0.02453 0.13664*** 0.02491 
HML ***-0.21464 0.02685 ***-0.02091 0.02681 -0.02308*** 0.02697 
CMA ***0.02929 0.04167 ***0.02902 0.16115 0.02955*** 0.04167 
RMW    **0.01491       0.03616   ** 0.01276       0.03641       0.00950       0.03713 
SIN        0.01623 0.44784        0.04733 2.97529 -0.00860 0.33036 
VIX ***0.02119 0.01203     
IAI   **0.01444 0.01057   
FG     -0.02044*** 0.00203 
SINVIX -0.00837 0.02621     
SINIAI   -0.03910 0.02936   
SINFG     0.01849 0.00603 
Year dummies?        Yes        Yes          Yes  
Adjusted R2 0.1717***  0.1716***          0.1718***  
Number of obs.        37,808       37,808         37,808  
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Our results show that the VIX has the highest impact on excess returns in absolute terms, while the 
second behavioral factor with the most significant impact in absolute terms is the FG index. The 
impact of the IAI on excess returns is the lowest among the behavioral factors. The difference between 
the VIX and FG is quite marginal, and they are almost double the impact of the IAI. 
5.11. Summary of results and discussions: 
Results from our analysis using the matched and unmatched sample show that average abnormal 
returns for sin stocks are higher than that of non-sin stocks. This result is consistent with that of 
Salaber (2007), Fabozzi and Oliphant (2008) and Hong and Kacperczyk (2009) who noted that sin 
stocks perform better than non-sin stocks. Salaber (2007) argued that sin companies bear higher risks, 
such as litigation risks, compared to non-sin stocks, and thus provide investors with greater 
compensation. Therefore, our finding confirms the assertion that sin stocks provide an additional 
premium to investors for taking on additional risk. Thus, we reject our first hypothesis that the returns 
of sin and non-sin stocks are the same. 
Our individual analysis of the role of the VIX, IAI, and FG index in our matched sample regressions, 
shows that behavioral factors have a significant impact on excess stocks returns. While the VIX and 
IAI have a positive and significant (at 1%) impact on excess returns in our matched and unmatched 
sample, the FG index has a negative and significant (at 1%) impact on excess returns only in our 
matched sample. Thus, we reject hypotheses H2a, H2b, and H2c based on the results of our matched 
sample. This indicates that behavioral factors affect stock returns. As the level of fear, anxiety, and 
greed increases in the stock market, these emotions cause investors to take various actions, which 
affect stock prices and stock returns. For example, an increase in the level of the VIX and IAI indicates 
a high level of anticipated risk in the market, leading to a contemporaneous increase in excess returns 
to compensate investors for higher expected risk during turbulent times. Similarly, an increase in the 
level of the FG index indicates more greed in the financial market, leading to increased ambition and 
financial recklessness by investors (Seuntjens et al., 2015), thereby causing lower returns. Our result 
is consistent with previous literature that found that sentiments affect stock returns (Neal and 
Wheatley, 1998; Fisher and Statman, 2000; Brown and Cliff, 2005; Baker and Wugler, 2006; 
Schmeling, 2009; Stambaugh, Yu and Yuan, 2012; Smales, 2017; Chiara and Ravazollo, 2019). 
Investors take a variety of actions in response to these sentiments which directly affect stock prices, 
and subsequently stock returns. The conventional prediction is that sentiments affect stock returns in 
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the form of compensation to investors for a higher/lower level of perceived systematic risk in the 
financial market. This is consistent with our findings which show that behavioral factors play an 
important role in the determination of stock returns by inducing investors to make decisions based on 
their emotional reaction to changes in the level of perceived risk in the financial market. 
By separately filtering the matched sample by sin and non-sin, we continue our investigation into the 
role of sin in moderating the impact of each behavioral factor on excess returns. Our results, support 
a moderating role for SIN on the impacts of the VIX, IAI and FG on excess returns. In the regression 
using only sin stock data, each of the behavioral factors (i.e. VIX, IAI and FG index) is insignificant. 
In contrast, the behavioral factors are significant in the regression results using non-sin stock data. 
This illustrates that the nature of sin stocks makes them less prone to the impact of the behavioral 
factors. Thus, we fail to reject Hypothesis H3a, H3b and H3c and conclude that the data supports a 
moderating role for SIN on the impact of the VIX, IAI and FG, respectively, on excess returns. 
To facilitate comparison of the impacts of the three behavioral factors, we calculate standardized 
regression coefficients. Based on the standardized coefficients, the VIX has the highest absolute 
impact on excess returns compared to the IAI and the FG index, followed by the FG index.
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The IAI has the lowest impact compared to the VIX and FG index. However, the difference in the 
absolute values of these factors is not substantial for the VIX and the FG measures. 
Several factors may account for the difference in outcome in our results compared to previous 
literature, such as studying a different and more current time interval and the use of propensity 
score matching. We will investigate the impact of longer sample duration on our regression results 
in the robustness section. The use of propensity score matching ensured that all stocks in our 
sample are similar in age, size, liquidity, and risk. Thus, differences in the outcomes from the 
matched sample are based on the sin versus non-sin distinction and are not clouded by disparities 













CHAPTER 6. ROBUSTNESS CHECKS 
To check the validity and consistency of our research findings, we conduct a robustness test of our 
results using four approaches. First, we conduct a panel regression analysis on our matched sample 
to allow for possible time-invariant omitted control variables. Secondly, we repeat our regression 
analysis using the CAPM and Fama and French (1993) 3-factor asset pricing models and compare 
the results with our earlier results using the Fama and French (2015) 5-factor model.  Thirdly, we 
alternately include the HML and CMA Frama French (2015) factors in our regression equation 
and examine the impact on the regression coefficients of both variables. The high level of 
correlation between these two variables, as noted earlier may have affected the regression 
coefficients of these factors. Finally, we conduct our investigation using the maximum available 
data for each of our behavioral factors between the years 2000 to 2019. This will allow us to 
determine if our results change with more data and a longer time interval. 
6.1. Panel Regression Output for Matched data 
As noted earlier, panel regression analysis allows us to control for possible omitted control 
variables that are time-invariant. We conduct a panel regression analysis using our matched 
sample. A poolability test rejects the null hypothesis that all the firms have the same slope and 
intercept and a Hausman test indicates a random-effects model is an appropriate model for the 
VIX and the IAI, while the fixed-effects model is appropriate for the FG index. However, the 
traditional fixed-effects model leads to an omission of the dummy variable for sin stocks due to 
multicollinearity. Thus, we use the between-group estimator for our analysis of the FG index. 
The random-effects model assumes that the error term is uncorrelated with the regressors, hence 
the difference between firms can be modeled through the error term using a generalized least 
square (GLS) regression. The fixed-effects model assumes that there is a correlation between the 
error term and the regressors, hence the difference between firms is handled through the intercept 
term. 







𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐵𝑓 + 𝛽 𝑆𝐼𝑁 +
                     𝛽 𝑆𝐼𝑁𝐵𝑓 + 𝑒                                             (6.1)    
  Where eit is nonspherical (nonconstant variance and/or autocorrelated)                                                                                                                             
Year Fixed effects model: 
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐵𝑓 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑆𝐼𝑁𝐵𝑓 +





+ 𝑒                                                                                                                       (6.2)                                                                            
























Std error Coefficient                                                                 
 
(FF5 + SIN + VIX + SINVIX + Year 
dummies) 
 
     
      Equation (2)                                              
Std error   
 
_Cons -1.03906*** 0.30479 -1.05978*** 0.30712 
Mkt_rf 0.79750*** 0.01442 0.79747*** 0.01142 
SMB 0.56489*** 0.02427 0.56489*** 0.02427 
HML -0.07573*** 0.02672 -0.07571*** 0.02672 
CMA 0.16202*** 0.04147 0.16202*** 0.04147 
RMW 0.08626** 0.03599 0.08624** 0.03599 
VIX 0.03256*** 0.01176 0.03382*** 0.01198 
SIN 0.25954 0.18195 0.49567 0.46514 
SINVIX   -0.01442 0.02615 
Year dummy variables?     Yes   Yes  
Panel Model     Random effects   Random effects  
Chi-square test result on  
SIN, SINVIX Coefficients = 0 
       Chi2 = 2.33 
 
Prob > Chi2 
= 0.3112 
R2   overall 0.1720***  0.1720***  
Number of obs.       37,808       37,808  
 
Date range: January 2011 to December 2019.  
Data frequency: Monthly. 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                 (Eqn. 1)   
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑉𝐼𝑋 + 𝛽 𝑆𝐼𝑁𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒          (Eqn. 2) 
   
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment), VIX= volatility index; SIN=dummy variable for sin stocks; SINVIX = interaction term (SIN multiplied by the 
VIX); Dt = year dummy variables from 2012 to 2019. Regression results are the same with the Newey-West standard errors. 
***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. *Indicates significance at a 10% level of significance. 
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Table 6.2. Panel regression on the matched sample using the IAI 
Independent 
Variables 
Coefficient                                                                 
 
(FF5 + SIN + IAI + Year dummies) 
 
     
      Equation (3)                                              
Std error   Coefficient 
 




      Std error 
 
_Cons -2.88155*** 1.06891 -2.98186*** 1.10143 
Mkt_rf 0.77836*** 0.01232 0.77837*** 0.01232 
SMB 0.57405*** 0.02441 0.57404*** 0.02441 
HML -0.07379*** 0.02669 -0.07379** 0.02669 
CMA 0.16053*** 0.04147 0.16051*** 0.04147 
RMW 0.07381** 0.03624 0.07380** 0.03624 
IAI 0.02510** 0.01019 0.02609** 0.01052 
SIN 0.26019 0.18189 1.37670 2.96468 
SINIAI   -0.01103 0.02923 
Year dummy variables?       Yes        Yes  
Panel Model       Random effects       Random effects  
Chi-square test result on  
SIN, SINIAI coefficients = 0 
  Chi2 = 2.18 Prob > Chi2 
= 0.3354 
R2   overall 0.1720***  0.1720***  
Number of obs.      37,808       37,808  
 
Date range: January 2011 to December 2019.  
Data frequency: Monthly. 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                   (Eqn. 3)  
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 + 𝛽 𝑆𝐼𝑁𝐼𝐴𝐼 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒             (Eqn. 4)  
 
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment); SIN=dummy variable for sin stocks; IAI= Investopedia Anxiety index; SINIAI = interaction term (SIN 
multiplied by the IAI); Dt = year dummy variables from 2012 to 2019. Regression results are the same with the Newey-West standard errors. 
 














      Std error  Coefficient 
 






      Equation (6)   
_Cons 9.93739      11.9644  13.01578*** 12.32036 
Mkt_rf 3.12521* 1.81038 3.42322* 1.83249 
SMB -4.91156* 2.89312 -5.61178* 2.96937 
HML -4.05756 2.91318 -4.32251 2.92384 
CMA 7.66667 4.90337 7.75667 4.90353 
RMW 3.98748 2.96873 3.42053       3.01754 
FG -4.50735* 0.24588 -0.52086** 0.25484 
SIN 0.31998 0.20417     -13.86406 13.5756 
SINFG   0.28120 0.26911 
Year dummy variables?        Yes       Yes  
Panel Model Fixed effects (Between        
groups) 
   Fixed effects (Between        
groups) 
 
Chi-square test result on  
SIN, SINFG coefficients = 0 
  Chi2 = 1.77 Prob > Chi2 
= 0.1710 
R2   overall 0.0057***  0.0068*** 
Number of obs.      37,808        37,808 
 
Date range: January 2011 to December 2019.  
Data frequency: Monthly. 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐹𝐺 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                     (Eqn. 5)        
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐹𝐺 + 𝛽 𝑆𝐼𝑁𝐹𝐺 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒               (Eqn. 6)     
                                                                                                                                                                                                                              
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); RMW = robust minus weak 
(profitability); CMA= conservative minus aggressive (investment); SIN=dummy variable for sin stocks; FG = Fear and Greed Index; SINFG = interaction term (SIN multiplied by 
FG); Dt = year dummy variables from 2012 to 2019. Regression results are the same with the Newey-West standard errors. 




Our panel regression results in equations 1-6 confirm that behavioral factors are important in the 
prediction of stock returns. The impact of the VIX and IAI on excess returns is positive and 
significant, while the impact of the FG index is negative and significant. The panel regression 
results show that the impact of the VIX, IAI and the FG index on excess return is the same for sin 
and non-sin stocks and that average returns are the same for sin and non-sin stocks, which is 
different from our previous results. This will be pursued in future research. 
6.2. Robustness checks of results based on the CAPM. 
Our study has been conducted using the Fama and French (2015) 5-factor model as the 
foundational model. In this section we test the robustness of our results to the underlying asset 
pricing model choice. 
Analysis of the SIN and behavioral factors with a CAPM framework also shows that our results 
are robust and consistent with our previous Fama and French (2015) 5-factor based results, except 
for the outcomes for the IAI. The average return for sin stocks is higher than that of non-sin stocks, 
while each of the behavioral factors has a significant impact on excess returns. The impact of the 
VIX on excess returns is positive and significant, while the impact of the FG index is negative and 
significant, similar to our previous findings. However, contrary to our previous regression results, 
the impact of the IAI is negative and significant (at 1%). The difference in the results of the CAPM 
and the Fama and French (2015) is due to the additional factors in the Fama and French (2015) 
asset pricing model. Overall, the adjusted R-squared in the Fama and French (2015) asset pricing 
model is higher than that of the CAPM, suggesting that the Fama and French (2015) 5-factor asset 
pricing model adds slightly more explanatory power to our analysis, compared to the CAPM. 
Notwithstanding, the CAPM result also confirms that the impact of the VIX and IAI on excess 
returns is the same for sin and non-sin stocks, while the impact of the FG index on excess returns 
is not the same for sin and non-sin stocks. 






Table 6.4. Regression on the matched sample using the CAPM (VIX) 
Independent 
Variables 
Coefficient                                                                  
 
(CAPM + SIN + VIX + Year dummies) 
 
      
 
  Equation (7)                                               
 
   
  Std error 
Coefficient                                                                  
 
(CAPM + SIN + VIX+ SINVIX + Year 
dummies) 
 
      
 
  Equation (8)                                              
 
     Std error 
 
            
 
_Cons -1.52202*** 0.29974 -1.54102*** 0.30214 
Mkt_rf 0.91610*** 0.01333 0.91609*** 0.01333 
VIX 0.04988*** 0.01182 0.05104*** 0.01204 
SIN 0.23124* 0.13120 0.44769 0.45165 
SINVIX   -0.01324 0.02643 
Year dummy variables?             Yes        Yes  
F test result on SIN, SINVIX 
coefficients = 0 
        F = 1.68 Prob > F = 0.1866 
 Adjusted R2    0.1575***  0.1575***  
Number of obs.      37,808       37,808  
 
Date range: January 2011 to December 2019.  
Data frequency: monthly 
Regression equations: 
 𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝐼𝑁 +  𝛽 𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                                                                                                            (Eqn.7)                     
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑉𝐼𝑋 + 𝛽 𝑆𝐼𝑁𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                                                                                      (Eqn.8)    
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); VIX= volatility index; 
SIN=dummy variable for sin stocks; SINVIX = interaction term (SIN multiplied by the VIX); Dt = year dummy variables from 2012 to 2019. 










6.5. Regression on the matched sample using the CAPM (IAI) 
Independent 
Variables 
Coefficient                                                                  
 
(CAPM + SIN + IAI+ Year dummies) 
 
      
 
  Equation (9)                                               
 
   Std error Coefficient                                                                  
 
(CAPM + SIN + VIX+ SINIAI + Year 
dummies) 
 
      
 
  Equation (10)                                              
 
    Std error 
 
            
 
_Cons 1.71698 1.0586 1.61753 1.0923 
Mkt_rf 0.88150*** 0.01131 0.88150*** 0.01131 
IAI -0.01967** 0.01005 -0.01869* 0.01039 
SIN 0.23082* 0.13122 1.33922 3.00109 
SINIAI   -0.01095 0.02961 
Year dummy variables?        Yes        Yes  
F test result on SIN, SINIAI 
coefficients = 0 
        F = 1.62 Prob. > F = 0.1988 
 Adjusted R2    0.1572***  0.1575***  
Number of obs.      37,808       37,808  
          
 Date range: January 2011 to December 2019.  
Data frequency: monthly 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                                                                                                                (Eqn.9)                              
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 + 𝛽 𝑆𝐼𝑁𝐼𝐴𝐼 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                                                                                                        (Eqn.10)                                                                                                                                
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); VIX= volatility index; 
SIN=dummy variable for sin stocks; SINIAI = interaction term (SIN multiplied by the IAI); Dt = year dummy variables from 2012 to 2019.  
***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. *Indicates significance at a 10% level of significance. 














6.6. Regression on the matched sample using the CAPM (FG Index) 
Independent 
Variables 
Coefficient                                                                  
 
(CAPM + SIN + FG + Year dummies) 
 
      
 
  Equation (11)                                               
 
   Std error Coefficient                                                                  
 
(CAPM + SIN + FG+ SINFG + Year 
dummies) 
 
      
 
  Equation (12)                                              
 
     Std error 
 
            
 
_Cons 0.17151 0.13304 0.21213 0.13582 
Mkt_rf 0.87685*** 0.01121 0.87685*** 0.01121 
FG -0.01293*** 0.00189 -0.01374*** 0.00197 
SIN 0.23143* 0.13115 -0.22383 0.33306 
SINFG   0.00905 0.00608 
Year dummy variables?        Yes        Yes  
F test result on SIN, SINFG 
coefficients = 0 
       F = 2.66 Prob. > F = 0.0698 
 Adjusted R2    0.1582***  0.1582***  
Number of obs.      37,808       37,808  
          
 Date range: January 2011 to December 2019.  
Data frequency: monthly 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐹𝐺 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                                                                                                     (Eqn.11)                                        
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐹𝐺 + 𝛽 𝑆𝐼𝑁𝐹𝐺 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                                                                                  (Eqn.12)                                                                     
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); VIX= volatility index; 
SIN=dummy variable for sin stocks; FG = Fear and Greed Index; SINFG = interaction term (SIN multiplied by FG) Dt = year dummy variables from 2012 to 2019. 
***indicates significance at a 1% level of significance. **indicates significance at a 5% level of significance. *Indicates significance at a 10% level of significance. 
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6.3 Robustness checks of our results based on the Fama and French (1993) 3-factor model 
We also test the consistency of our findings using the Fama and French (1993) 3-factor model. 
Results using the Fama and French (1993) 3-factor model are the same as our findings using the 
Fama and French (2015) 5- factor model. Excess return is higher for sin stocks compared to non-
sin stocks. The VIX, IAI, and FG index have an impact on excess stock return. The impact of the 
VIX and the IAI on excess returns is positive and significant, while the impact of the FG index is 
negative and significant. Like the results of the CAPM, the result of the Fama and French (1993) 
3-factor model confirm that the impact of the VIX and the IAI on excess returns is the same for 
sin and non-sin stocks, while the impact of the FG index is different for both categories of stocks. 

















(FF3 + SIN + VIX + Year dummies) 
 
 




(FF3 + SIN + VIX + SINVIX + Year 
dummies) 
    
 
       Equation (14)                                              
      Std error 
 
            
 
_Cons -0.87282*** 0.30089 -0.89232*** 0.30323 
Mkt_rf 0.78446*** 0.01424 0.78444*** 0.01424 
SMB 0.52899*** 0.02125 0.52899*** 0.02125 
HML -0.11809 0.01816 -0.01180 0.01816 
VIX 0.03123*** 0.01181 0.03242*** 0.01203 
SIN 0.22903* 0.13013 0.45154 0.44798 
SINVIX   -0.01361 0.02621 
Year dummy variables?      Yes       Yes  
F test result on SIN, SINVIX 
coefficients = 0 
  F = 1.68 Prob.  > F = 0.1857 
 Adjusted R2    0.1712***  0.1712***  
Number of obs.      37,808       37,808  
 
Date range: January 2011 to December 2019.  
Data frequency: monthly 
Regression equations: 
 𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                   (Eqn. 13)        
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑉𝐼𝑋 + 𝛽 𝑆𝐼𝑁𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒              (Eqn. 14)                                                                                                                                    
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); VIX= 
volatility index; SIN=dummy variable for sin stocks; SINVIX = interaction term (SIN multiplied by the VIX); Dt = year dummy variables from 2012 to 2019. 









(FF3 + SIN + IAI + Year dummies) 
    
 
       Equation (15)                                              
     Std error 
 
            
 Coefficient 
(FF3 + SIN + IAI + SINIAI + Year 
dummies) 
    Std error 
   
     
 
       Equation (16)                                              
_Cons -3.10711*** 1.06934 -3.20610*** 1.10214 
Mkt_rf 0.76726*** 0.01214 0.76727*** 0.01215 
SMB 0.54365*** 0.02162 0.54365*** 0.02162 
HML -0.00986 0.01810 -0.00986 0.01810 
IAI 0.02842*** 0.01016 0.02940*** 0.01050 
SIN 0.22963* 0.13012 1.33281 2.97611 
SINIAI   -0.01090 0.02937 
Year dummy variables?      Yes       Yes  
F test result on SIN, SINIAI 
coefficients = 0 
      F = 1.63 Prob. > F = 0.1968 
 Adjusted R2    0.1712***  0.1712*** 
Number of obs.      37,808       37,808 
 
Date range: January 2011 to December 2019.  
Data frequency: monthly 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼  + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                         (Eqn. 15)     
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 + 𝛽 𝑆𝐼𝑁𝐼𝐴𝐼 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                   (Eqn. 16)                                                                                                                                 
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); VIX= volatility index; 
SIN=dummy variable for sin stocks; IAI= Investopedia Anxiety index; SINIAI = interaction term (SIN multiplied by the IAI); Dt = year dummy variables from 2012 to 
2019.  


























            Equation (18)                                              
     Std error 
 
 
_Cons 0.16357 0.13200 0.20531 1.13475 
Mkt_rf 0.76143*** 0.01213 0.76142*** 0.01213 
SMB 0.52301*** 0.02133 0.52306*** 0.02133 
HML -0.01494 0.01818 -0.01486 0.01818 
FG -0.00759*** 0.00190 -0.00843*** 0.00198 
SIN 0.22917* 0.13011 -0.23866 0.33044 
SINFG   0.00930 0.00604 
Year dummy variables?        Yes       Yes  
F test result on SIN, 
SINIAI coefficients = 0 
        F = 2.74 Prob. > F = 0.0648 
 Adjusted R2    0.1714***  0.1714***  
Number of obs.       37,808       37,808  
 
Date range: January 2011 to December 2019.  
Data frequency: monthly 
Regression equations: 
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐹𝐺 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                       (Eqn. 17)   
𝐸𝑥𝑡𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐹𝐺 + 𝛽 𝑆𝐼𝑁𝐹𝐺 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                 (Eqn. 18)  
                                                                                                                                                                                                                                                                                                                                                                                             
Exrtn = Excess monthly stock returns; Mkt_rf= excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (value); VIX= volatility index; 
SIN=dummy variable for sin stocks; FG = Fear and Greed Index; SINFG = interaction term (SIN multiplied by FG) Dt = year dummy variables from 2012 to 2019. 





6.4. Alternate Inclusion of the HML and CMA factors 
We had noted earlier that the HML and CMA Fama and French (2015) factors are significantly 
correlated with a high magnitude of 0.78 in our matched sample. This can indicate the possibility 
of multicollinearity issues in our results. Also, our regression results using our matched sample 
show that the HML factor is not significant. Fama and French (2015) had noted that the HML 
factor is rendered redundant with the inclusion of the CMA.  Thus, we will alternately substitute 
the HML and CMA factors from our asset pricing model and analyze the impact on the coefficient 




Table 6.10. Regression output on matched data (HML omitted) 
Independent 
Vars 
        Coefficient 
 
(FF4 + SIN + VIX + 
SINVIX + Year 
dummies) 
 
       Equation (19) 
                                             
Std error 
        Coefficient 
 
(FF4 + SIN + IAI + 
SINIAI + Year 
dummies) 
 
         Equation (20) 
            Std error     Coefficient 
 
(FF4 + SIN + FG + SINFG + 
Year dummies) 
 
     
        Equation (21) 
Std error 
       
_Cons -0.98598*** 0.30484 -2.76942** 1.10396 0.04575 0.14496 
Mkt_rf 0.79612*** 0.01448 0.77857*** 0.01238 0.77309*** 0.01243 
SMB 0.56608*** 0.02439 0.57449*** 0.02453 0.55269*** 0.02489 
CMA 0.07705*** 0.02874 0.07763*** 0.02874 0.07273** 0.02883 
RMW       0.11357***      0.34794       0.10144***       0.03496       0.08769**      0.03549 
VIX 0.03110*** 0.01200     
SIN 0.45171 0.44789 1.31213 2.97555 -0.23987 0.33039 
SINVIX -0.01360 0.02621     
IAI   0.02414** 0.01055   
SINIAI   -0.01069 0.02936   
FG     -0.00682*** 0.00201 
SINFG     0.00932 0.00603 
Year 
dummies? 
     Yes        Yes       Yes  
Adjusted R2 0.1715*** 0.1715***   0.1716*** 
Number of 
obs. 
      37,808       37,808       37,808  
Date range: January 2011 to December 2019.   
Data frequency: Monthly. 
Regression equation: 
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑉𝐼𝑋 + 𝛽 𝑆𝐼𝑁𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                              (Eqn. 19)     
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 +  𝛽 𝑆𝐼𝑁𝐼𝐴𝐼 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                (Eqn. 20)                                                                         
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐹𝐺 +  𝛽 𝑆𝐼𝑁𝐹𝐺 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                 (Eqn. 21)                                                                         
                                                                                                                                                                                                                                                                                                              
Exrtnt = Excess monthly stock returns; Mkt_rf = excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (book to market ratio); RMW = 
robust minus weak (profitability); CMA= conservative minus aggressive (profitability); VIX = Volatility index; SIN=Dummy variable that takes on a value of 1 for sin stocks and 
0 for non-sin stocks; SINVIX = interaction term (SIN multiplied by the VIX); IAI= Investopedia Anxiety index; SINIAI = interaction term (SIN multiplied by the 
IAI); FG = Fear and Greed Index; SINFG = interaction term (SIN multiplied by FG) Dt = year dummy variables from 2012 to 2019.. 
***indicates significance at 1% level of significance, **indicates significance at 5% level of significance. *Indicates significance at 10% level of significance. 
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        Coefficient 




        Equation (22) 




(FF4 + SIN + IAI + SINIAI + Year 
dummies) 
 
     Equation (23) 




    Coefficient 
 
(FF4 + SIN + FG + SINFG + Year 
dummies) 
 
     Equation (24) 
Std error 
     
_Cons -1.02257*** 0.30594 -2.93955*** 1.10611 0.08421 0.14489 
Mkt_rf 0.79150*** 0.01441 0.77277*** 0.01230 0.76666*** 0.01235 
SMB 0.56712*** 0.02439 0.57616*** 0.02452 0.55226*** 0.02490 
HML -0.00028 0.01852 0.00088 0.01849 -0.00521 0.01866 
RMW       0.11300***       0.03548       0.10040***       0.03574       0.08281**       0.03643 
VIX 0.03322*** 0.01203     
SIN 0.45058 0.44793 1.32122 2.97584 -0.23748 0.33042 
SINVIX -0.01355 0.02621     
IAI   0.02591** 0.01057   
SINIAI   -0.01078 0.02936   
FG     -0.00741*** 0.00203 
SINFG     0.00927 0.00604 
       
Year 
dummies? 
        Yes        Yes        Yes   
Adjusted R2 0.1714*** 0.1713***  0.1715*** 
Number of 
obs. 
     37,808       37,808       37,808  
Date range: January 2011 to December 2019.   
Data frequency: Monthly. 
Regression equation: 
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑉𝐼𝑋 +  𝛽 𝑆𝐼𝑁𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                   (Eqn. 22)     
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 + 𝛽 𝑆𝐼𝑁𝐼𝐴𝐼 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                      (Eqn.23)    
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐹𝐺 + 𝛽 𝑆𝐼𝑁𝐹𝐺 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                      (Eqn. 24)    
                                                                                                                                                                                                                                                                                                                                                                              
Exrtnt = Excess monthly stock returns; Mkt_rf = excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (book to market ratio); RMW = 
robust minus weak (profitability); CMA= conservative minus aggressive (profitability); VIX = Volatility index; SIN=Dummy variable that takes on a value of 1 for sin stocks and 
0 for non-sin stocks; SINVIX = interaction term (SIN multiplied by the VIX); IAI= Investopedia Anxiety index; SINIAI = interaction term (SIN multiplied by the 
IAI); FG = Fear and Greed Index; SINFG = interaction term (SIN multiplied by FG)Dt = year dummy variables from 2012 to 2019.  
***indicates significance at 1% level of significance, **indicates significance at 5% level of significance. *Indicates significance at 10% level of significance. 
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Analysis of the results of equations 19-24 shows that the alternate inclusion of the HML and CMA 
factor did not cause any significant changes in the regression coefficients. 
 
6.5. Comparison of the regression results for the VIX, IAI, and FG index using maximum 
available data for each of the indexes from the year 2000 to 2019: 
We investigate the impact of increasing the time period under consideration for the VIX and IAI. 
We use the maximum available data for each of the behavioral factors between the years 2000 to 
2019. The VIX has complete data within the period, while data for the IAI is available from the 
year 2008 to 2019. The full data set for the FG index is available from the year 2011 to 2019 and 
has been discussed in the earlier sections. 
Tables 6.12 and 6.13. show the regression results based on the maximum available data for each 







Table 6.12. Regression analysis on matched sample using the VIX, 2000-2019. 
 
Date range: January 2000 to December 2019.   
Data frequency: Monthly. 
Regression equation: 
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                                              (Eqn. 25)                                                                               
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐶𝑀𝐴 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝑉𝐼𝑋 + 𝛽 𝑆𝐼𝑁𝑉𝐼𝑋 + Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                    (Eqn. 26)                                                                                                                            
Exrtn = Excess monthly stock returns; Mkt_rf = excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (book to market ratio); RMW = robust 
minus weak (profitability); CMA= conservative minus aggressive (profitability), VIX = Volatility index; SIN=Dummy variable that takes on a value of 1 for sin stocks and 0 for 
non-sin stocks, SINVIX = interaction term (SIN multiplied by the VIX); Dt = year dummy variables from 2000 to 2019. 
 





  Coefficient 
(FF5 + SIN +VIX +   Year dummies) 
Std error   Coefficient 
(FF5 + SIN +VIX + SINVIX + Year dummies) 
Std error 
           
 
 
 Equation (25) 





_Cons -1.33184*** 0.20550 -1.36574*** 0.20653 
Mkt_rf 0.76457*** 0.00889 0.76456*** 0.00889 
SMB 0.42532*** 0.01238 0.42531*** 0.01238 
HML 0.00043 0.01416 0.00044 0.01416 
CMA 0.16878*** 0.01822 0.16878*** 0.01822 
RMW 0.16202*** 0.01483 0.16199***       0.01483 
VIX 0.02244*** 0.00636 0.02417*** 0.00644 
SIN 0.15545 0.09543 0.53959 0.25158 
SINVIX   -0.01975 0.01197 
Year dummies? Yes         Yes  
F test on SIN, 
SINVIX coefficients 
= 0 
         F = 2.69 Prob. > F = 0.0680 
Adjusted R2 0.1681***  0.1680*** 
Number of obs.       83,218         83,218 
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Date range: January 2008 to December 2019.   
Data frequency: Monthly. 
Regression equation: 
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 +  Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                                                        (Eqn. 27)      
𝐸𝑥𝑟𝑡𝑛 = 𝛽 + 𝛽 𝑀𝑘𝑡_𝑟𝑓 + 𝛽 𝑆𝑀𝐵 + 𝛽 𝐻𝑀𝐿 + 𝛽 𝑅𝑀𝑊 + 𝛽 𝑆𝐼𝑁 + 𝛽 𝐼𝐴𝐼 + 𝛽 𝑆𝐼𝑁𝐼𝐴𝐼 +  Ɣ𝑡(𝐷 )
 
 
+ 𝑒                                                (Eqn. 28)                                                      
                                                                             
Exrtn = Excess monthly stock returns; Mkt_rf = excess monthly market return; SMB = Small minus big firms (Size); HML=High minus low (book to market ratio); RMW = robust 
minus weak (profitability); CMA= conservative minus aggressive (profitability); IAI=Investopedia anxiety index; FG= fear and greed index; SIN=Dummy variable that takes on a 
value of 1 for sin stocks and 0 for non-sin stocks; SINIAI = interaction term (SIN multiplied by IAI); Dt = year dummy variables from 2000 to 2019.  





  Coefficient 
(FF5 + SIN + IAI + Year dummies) 
       Std error   Coefficient 
 (FF5 + SIN + IAI + SINIAI + 
Year dummies) 
 
       Std error 
           Equation (27)         Equation (28)  
_Cons 2.76992*** 0.72747 -3.06579*** 0.73390 
Mkt_rf 0.72465*** 0.00956 0.72467*** 0.00956 
SMB 0.52085*** 0.01862 0.52085*** 0.01861 
HML -0.14446 0.02018 -0.14448*** 0.02018 
CMA 0.27336*** 0.03076 0.27338*** 0.03076 
RMW 0.00215       0.02709       0.00215       0.02709  
IAI 0.02187*** 0.00594 0.02467*** 0.00601 
SIN -0.06107 0.11351 3.24094 1.09197 
SINIAI   -0.03130 0.01029 
Year dummies?        Yes         Yes   
F test result on SIN, 
SINIAI coefficient = 0  
         F = 4.77 Prob > F = 0.0085 
Adjusted R2 0.2009***     0.2010*** 
Number of obs.       53,722        53,722  
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The result for equations 25-28 shows that each of the behavioral factors has a significant impact 
on excess returns in a way that is consistent with our previous results. The impact of the VIX and 
IAI on excess returns is positive and significant (at 1%). Interestingly, SIN does not have a 
differential impact on excess returns in the regressions that include the behavioral factor and SIN 
dummy variable (equations 26 and 28), but the behavioral factors are significant. An F test shows 
that SIN moderates the impact of the VIX and IAI on excess returns, indicating that the impact of 
the VIX and the IAI on excess returns is not the same for sin and non-sin stocks. 
Varying the time period studied showed that adding eleven and three years of data to the studies 
involving the VIX and IAI, respectively, supported the robustness of our conclusions concerning 
the impact of the behavioral factors. For the full sample the VIX impact is (0.02) compared to 
(0.03) for the smaller sample. Similarly, the impact of IAI is robust across the two different date 
ranges (IAI = 0.02 and 0.03 in the longer and shorter periods, respectively). However, the influence 
of SIN on average returns was no longer significant, which is consistent with the findings of Lobe 
and Walkshäusl (2016), who noted that sin stocks do not underperform or outperform non-sin 
stocks, using data from 1995-2007, which falls outside the range of our shorter sample period. 
Salaber (2007) used data from 1975-2006 and found that sin stocks outperformed non-sin stocks. 
Thus, the outcome of the comparison between sin and non-sin stock performance is time 











CHAPTER 7. CONCLUSION 
This study examined the impact of behavioral factors on the performance of sin stocks compared 
to non-sin stocks. The behavioral factors examined are the VIX, IAI, and FG index. We focused 
on sin industries of tobacco, alcohol, and gambling, and excluded other sin industries that are 
controversial such as adult entertainment, military/firearms, nuclear and biotech.  
Several asset pricing equations are examined using an augmentation of the Fama and French 
(2015) 5-factor asset pricing model with the VIX, IAI, and FG index. We then use OLS regression 
analysis to examine the impact of the various behavioral factors on sin and non-sin stock returns.  
Propensity score matching is used to control for the influence of differences in firms’ risk, size, 
age, and liquidity on our results. Using the matched sample, we followed several different 
approaches to guide our investigation. 
Our investigation is based on three hypotheses. The first hypothesis H1, predicts that average 
returns are the same for sin and non-sin stocks. Based on the result in our matched and unmatched 
sample, we reject hypothesis H1 and confirm that average excess returns are not the same for sin 
and non-sin stocks. Our results show that sin stocks have higher average returns compared to non-
sin stocks.  Our result is consistent with that of Salaber (2007), Fabozzi and Oliphant (2008), and 
Hong and Kacperczyk (2009) who found that sin stocks performed better than non-sin stocks. 
Salaber (2007) argued that sin stocks face a higher level of risk such as litigation risk, thus they 
compensate investors for taking on more risk by investing in them. Therefore, we conclude that 
there is an economic advantage attached to investing in sin stocks compared to non-sin stocks, 
which may also vary, depending on the prevailing circumstances during a particular period. 
Our second hypothesis H2a suggests that the volatility index (fear) has no impact on stock returns. 
However, based on our analysis of our matched sample, we found that the volatility index has a 
positive and significant impact on stock returns. This is because as the level of the VIX increases, 
this signals a higher level of fear in the market, hence investors require higher returns to 
compensate for taking on anticipated additional risk by investing in stocks during times of high 
market volatility. Conversely, a decrease in the level of the VIX indicates a lesser amount of fear 
in the market, hence investors get less compensation due to the expected lower risk level. 
Hypothesis H2b suggests that the IAI has no impact on stock returns, but our results show that the 
IAI has a significant positive impact on stock returns like that of the VIX. As the level of anxiety 
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increases, investors are compensated with higher returns due to the anticipated higher level of risk 
in the market. Our results also show that the FG index has a significant negative impact on stock 
returns. An increase in the level of the FG index signals a rising level of greed in the market, 
leading to more ambitious and reckless decision making by investors (Seuntjens et al., 2015) which 
causes lesser returns. Thus, we also reject hypothesis H2c which states that the FG index has no 
impact on stock returns. Based on these outcomes, we conclude that behavioral factors have an 
important role in the prediction of stock returns in our sample. Behavioral factors measure investor 
sentiments like fear, greed, and anxiety, and past studies show that investor sentiments affect stock 
returns (Neal and Wheatley, 1998; Fisher and Statman, 2000; Brown and Cliff, 2005; Baker and 
Wugler, 2006; Schmeling, 2009; Stambaugh, Yu and Yuan, 2012; Smales, 2017; Chiara and 
Ravazollo, 2019). 
Hypothesis H3a, H3b and H3c state that SIN modifies the impact of each of the behavioral factors 
i.e., VIX, IAI, and FG index, respectively on excess returns. Using data filtered for sin stocks and 
separately for non-sin stocks we find that each of the behavioral factors was insignificant in the 
sin focused and significant in the non-sin focused regressions leading us to surmise that SIN 
modifies the impact of behavioral factors on excess returns. This finding is consistent with that of 
Liston and Gutierrez (2018) who argued that sin stocks are less susceptible to the influence of 
investor sentiments, hence can be used as a hedge in times of market volatility.  
Our results using the standardized regression coefficients show that the VIX has the highest impact 
on excess returns in absolute terms, followed by the impact of the FG index, while the IAI has the 
lowest impact on excess returns in absolute terms. However, the difference between the VIX and 
FG in absolute terms is not substantial but double the impact of the IAI. 
We conduct robustness checks using panel regression analysis, augmented CAPM, and the Fama 
and French (1993) 3-factor asset pricing model. Our panel regression results confirm that 
behavioral factors affect excess returns. However, the panel regression results suggest that the 
impact of behavioral factors on excess returns is the same for sin and non-sin stocks and that excess 
return is the same for sin and non-sin stocks. The results of the CAPM and Fama-French (1993) 
3-factor model also confirm that behavioral factors play an important role in the explanation of 
stock returns, and sin-stocks have higher returns compared to non-sin stocks, which is consistent 
with our previous findings 
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We further investigate the impact of a longer period on our results, using the maximum available 
data for the VIX and the IAI between the years 2000 to 2019. The results show that the VIX and 
IAI have a significant positive impact on excess returns, which is consistent with our previous 
findings. However, in contrast to our previous findings, the results of the longer period indicate 
that average returns are the same for sin and non-sin stocks. Overall, our results show that the 
impact of the VIX and IAI are robust and consistent, regardless of matched or unmatched sample, 
method of estimation and time period. 
 In addition, our findings show that the time period studied is an important factor in the evaluation 
of the performance of sin stocks, compared to non-sin stocks. This may account for the difference 
in the findings of past sin stock researchers. For example, while some researchers found that sin 
stocks had higher average returns compared to non-sin stocks (Salaber, 2007; Hong and 
Kacperczyk, 2009; and Fabozzi and Oliphant, 2008), others find that average returns are the same 
for sin and non-sin stocks (Lobe and Walkshäusl, 2016), using different study periods. 
Our results contribute to the existing literature in several ways. We are the first to examine how 
the IAI, and FG index affect stock returns. We are also the first to examine if sin stocks modify 
the influence of behavioral factors on stock returns i.e. if the nature of the stock (sin vs non-sin) 
determines how they are affected by behavioral factors.  Liston and Gutierrez (2018) had earlier 
investigated the impact of investor sentiments on sin stock returns. However, Liston and Gutierrez 
(2018) used an investor sentiment measure that is based on survey responses (for individual 
investors) and analysis of newsletters (for institutional investors), which may be subjective and 
influenced by herding behavior among the respondents and analysts. Our behavioral factors are 
more objective and effective in capturing the prevailing mood in the market, and the prediction of 
stock returns. Our approach is also unique as we use propensity score matching in the context of a 
behavioral asset pricing model to enhance the comparison between sin and non-sin stocks by 
controlling for differences in size, age, risk, and liquidity among the stocks. We also use data from 
the year 2011 to 2019, which is more recent, in our analysis. 
The world is still reeling from the effect of the Covid-19 pandemic, which had a significant toll on 
the economy of most countries, due to the high amount of fear and anxiety engendered by the 
pandemic and its subsequent effect on the stock market. Understanding how behavioral factors 
such as fear, greed, and anxiety affect the stock market, and how sin stocks react to such factors 
can lead to better planning by individuals and institutional investors. 
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Our study is limited by several factors. Our data is based on the US stock market; hence our 
findings may not be applicable in an international context.  Our findings may also be different if 
we consider a different time period, as seen in the regression results using the maximum available 
data for the VIX and IAI between the years 2000 and 2019.  
Further research can be conducted to ascertain how higher values of the VIX, IAI and FG index, 
above the neutral thresholds of 20, 50 and 100 respectively, affect stock returns. A different 
approach can be used to investigate how behavioral factors affect sin and non-sin stocks by 
forming a portfolio of sin stocks and comparing it with a similar portfolio of non-sin stocks. Also, 
more research can be conducted to ascertain how behavioral factors affect sin stock returns in 
different countries. In addition, it would be interesting to extend this study to investigate the role 
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